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ABSTRACT 
 
Vehicles searching for on-street parking create environmental and economic 
externalities through increasing network traffic flow and congestion, heightening 
pollutant emission levels, creating additional noise, giving rise to time delays for 
through vehicles, and leading to potential safety hazards caused by vehicles 
manoeuvring into or out of on-street spaces. Despite extensive negative impacts on 
individual drivers and on society, parking search is an under-researched area, 
particularly in more recent years and within the UK. Furthermore, current statistical 
modelling techniques applied to parking search time have not utilised a more 
comprehensive analysis in which hierarchically structured data on multiple levels 
could be addressed. The aim of this thesis, therefore, is to investigate and compare 
the factors that influence drivers’ urban on-street parking search time and its policy 
implications. A mixed methods approach was applied that comprised qualitative 
interviews conducted with local government authority Council Officers and a 
quantitative revealed preference on-street parking survey (sample size, 1,002 
observations) undertaken in four cities in the East Midlands region of the UK in 
order to obtain individual driver-level socio-economic and other parking related 
factors that may influence parking search time.  
Statistically significant variables for each of the cities were identified by employing 
separate linear regression models. A multilevel mixed-effects model in which drivers 
(Level 1) are nested within streets (Level 2) was then applied to the pooled dataset. 
Significant factors in the multilevel (street level) model were identified as: time of 
arrival at a parking place (for which every time period after the 07:00-07:59 
reference case indicated increased search time); parking habit; parking tariff; the 
number of parking places previously visited (on the same trip); trip time from origin 
to parking place; area type; trip purpose; weather; vehicle type; and walking time 
from a parking place to a destination. Comparison of the factors that influence 
parking search time revealed important differences in statistically significant 
variables and coefficient values between the single-level and multilevel regression 
modelling approaches. Policy recommendations based upon the findings of the 
parking survey, modelling analysis, and further interviews conducted with local 
authority Council Officers, focus around time of arrival at a parking place, area type, 
parking charges and the potential technological advances that, if implemented, 
could have a considerable effect on parking search times within urban areas. 
Robust data collection and subsequent monitoring of parking search activity within 
each city should be undertaken in order to provide an evidence base which would 
support the introduction of future policy measures to reduce parking search activity. 
 
Key words: parking search; multilevel modelling; revealed preference survey; 
qualitative interviews; case study approach; parking policy. 
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1.1 Background to the Research Problem 
Urban areas inspire inward travel to be undertaken by large numbers of individuals 
who are attracted to cities and large towns as key destinations for many and varied 
purposes, including work, shopping, sport, socialising and entertainment. Individuals 
access urban areas by using a variety of travel modes including walking, cycling, 
and public transport, namely trains, buses and trams or, alternatively, they may 
choose to travel by privately-owned vehicles in modes that typically comprise cars 
or light-goods vehicles. Having a large element of the population travel to and within 
urban areas by less sustainable transport modes than walking or cycling gives rise 
to environmental externalities. The main problems created by less sustainable 
modes are focused around traffic congestion, air pollutant emissions, noise and 
safety; the latter aspect being of particular concern around more vulnerable road 
users, such as pedestrians who might be crossing busy roads or cyclists riding 
along such routes.  
A major contributor to these externalities is the private car, primarily through its CO2 
and particulate emissions, but additionally by the associated higher noise levels, 
increased likelihood of congestion and safety concerns. A large number of single-
occupancy vehicles increase traffic volumes, resulting in frequent and more severe 
congestion arising particularly at peak travel periods. Furthermore, a large number 
of vehicles travelling to urban areas create an increased demand for parking places. 
This leads to demand outstripping supply at peak parking periods and stimulates 
vehicles to drive around while seeking a parking space; thereby exacerbating traffic 
congestion, noise and air pollutant emissions. A further important issue that is 
connected to car ownership and usage is that of land use. Cars spend an average 
of 80% of time parked at an owner’s residence, 16% parked elsewhere, and only 
4% actually in motion (Bates and Leibling, 2012). The impact of this high 
percentage of time spent stationary is most evident in urban areas and where the 
cost of land is likely to be at a premium. If cars are being used to travel to urban 
areas, this creates a need for car parking facilities to be constructed, in order to 
accommodate vehicles that are not being driven for the majority of the time; instead 
they are parked whilst the owners undertake the purpose for which they travelled. 
This raises questions around both the allocation of valuable land for parking that 
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prevents alternative land use and how the costs of parking could be paid for by 
users, who currently benefit from free or low-cost parking (Marsden, 2014).  
1.2 Transport Demand Management 
Awareness by local government authorities of the negative impact of privately-
owned vehicles on air quality and congestion levels in many urban areas and of the 
need to address these impacts, in order to improve the local environment for those 
who reside in, work in or visit the locality, has led to the implementation of a variety 
of measures. Solutions to try to reduce the impacts can be seen through the 
introduction of transport demand management measures that have often been 
implemented in urban areas. Transport Demand Management (TDM) attempts to 
influence individuals’ travel behaviour (Ison and Rye, 2008), often as part of a 
package of measures aimed at encouraging more sustainable travel choices. TDM 
measures aim to affect the choices made by individuals in terms of the mode of 
transport utilised in travelling to a destination, a decision about which location to 
travel to, or whether to own a car at all (Ison and Mulley, 2014). Traffic congestion, 
air pollution, and road safety are key issues that TDM measures in particular 
attempt to address. Policies to influence travel behaviour fall under different 
categories and involve strategies around economic measures, land use, regulation, 
information for travellers, or substitution of communications for travel. Examples of 
TDM measures are indicated in Table 1.1. 
 
Table 1.1: TDM measures  
Type Measures 
Economic Measures 
 Fuel tax 
 Parking charges 
 Public transport subsidisation 
 Road user charging 
Land Use 
 Land use and transportation strategy such as 
car-free developments and location of new 
developments 
 Park and Ride facilities 
Information for Travellers 
 Travel information before a trip is undertaken 
 Car sharing 
Regulation (Administrative 
Measures) 
 Parking controls 
 Pedestrianised zones 
 Alternative working patterns 
Substitution of Communications 
for Travel 
 Teleworking 
 Online shopping 
(Adapted from Ison and Rye, 2008) 
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1.3 The Importance and Effects of Parking in Urban Areas  
It can be seen in Table 1.1 how significant an aspect is played by parking in TDM 
measures and its central role in reducing the negative impacts of car use in urban 
areas. To place in context the importance of parking in assisting in the solution, 
figures from Bates and Leibling (2012) estimated parking supply as providing 
between 17,000 and 20,000 non-residential car parks in Great Britain; supplying 3 - 
4 million parking spaces, of which 92% are off-street surface car parks. However, 
figures from the British Parking Association (BPA) estimated non-residential parking 
spaces to reach a considerably higher total of between 8 and 11.3 million (BPA, 
2013). These figures indicate the extensive use of land that is occupied in the 
provision of car parking, primarily in large urban areas. Several types of parking 
space exist in the UK and these are owned by either the public sector (through local 
government authorities) or by private organisations; one of which is the widely 
known private car parking provider NCP (National Car Parks Ltd.). Parking types 
include: publicly-owned on-street parking spaces; public off-street surface or multi-
storey car parks; privately-owned off-street parking that is typically associated with 
commercial uses; and private residential parking that is provided solely for the use 
by owners or tenants of the specified residences (Ison, 2014; Rye and Koglin, 
2014). The different parking types are explained in more detail in Table 1.2. 
Table 1.2: Types of car parking spaces  
Ownership User Location Usage regulation 
Publicly-owned 
(local authority) 
General public On-street  
 Often subject to time 
restrictions  
 Prices vary from free-of-
charge to a range of tariffs 
 Often offers lower tariffs 
during evenings 
 May be for specified permit-
holders only (e.g. disabled) 
Publicly-owned 
(local authority) 
General public 
Off-street 
surface or 
multi-storey  
 Typically has time restrictions 
 Prices vary according to 
length of parking duration 
 Often offers lower tariffs 
during evenings 
Privately-owned General public Off-street 
 Various charges according to 
duration of stay 
Privately-owned  
Commercial uses 
(e.g. office 
building, retail or 
leisure facility) 
Off-street 
 Typically free (may be 
subsidised to charge tariffs 
that are of lower than market 
value to users) 
Privately-owned 
Residential (used 
by residents of 
specified 
properties) 
Off-street 
 Free (although cost is 
typically bundled in with the 
cost of purchasing the 
property) 
(Adapted from Ison, 2014) 
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Demand for parking spaces is influenced by trip purpose (in the form of destination 
parking), for how long a driver wishes to park (duration), and the time of day (or 
evening) at which the journey is undertaken (Ison and Mulley, 2014). The overall 
level of car ownership in society will also affect the demand for parking. 
Furthermore, factors influencing travel demand, such as, individual socio-
demographic characteristics, UK economic activity, local alternative transport 
options and pricing, land use patterns, commercial development, cost of parking, 
and personal work patterns also affect the demand for parking. It can, therefore, be 
seen how parking might be used in the context of TDM, both in terms of controlling 
the level of on- and off-street supply and also curbing potential demand for parking 
through pricing controls, time restrictions, limits on access through permit 
requirements, and illegal parking enforcement. A further aspect of parking 
management is in terms of its role in the economic vitality of towns, where 
difficulties around balancing the availability and cost of parking (Rye and Koglin, 
2014) may arise between the expectations of motorists to have access to a plentiful 
parking supply, the wishes of local business owners to encourage passing trade, 
and the desires of local residents not to have every parking space seemingly 
occupied by cars owned by non-residents.  
1.4 Parking Search 
Where demand for parking spaces outstrips the available supply, this gives rise to 
the occurrence of parking search. An increase in the number of vehicles searching 
for parking could potentially be halted by applying one of two approaches; 
increasing the amount of supply or, alternatively, controlling the demand through 
implementation of TDM measures. Although parking search exists within off-street 
(surface and multi-storey) parking facilities as drivers circulate while attempting to 
locate a vacant space, this thesis is solely concerned with search that occurs for on-
street parking spaces. Levels of on-street parking supply and its associated demand 
affect the time spent by drivers in searching for a parking space. If high demand for 
on-street parking is unable to be fulfilled by available supply (capacity), increased 
levels of parking search and correspondingly longer search times will occur. 
Alternatively, lower levels of demand for on-street parking or greater parking 
provision will reduce the need for drivers to spend time searching for a parking 
space since capacity will meet demand. Searching for parking occurs when an 
individual reaches their destination, intends to park, and proceeds to drive around 
an area searching for a parking space that fulfils their specific requirements for that 
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particular journey. Thus, parking search consists of excess travel that occurs by 
drivers only upon reaching a destination (King, 2010). Parking search is the process 
by which drivers are able to reconcile their initial parking intentions with the actual 
availability of parking opportunities. During the search process drivers inspect a 
succession of parking opportunities (in the form of parking bays or spaces) which 
they can either accept (by parking) or reject (by continuing to search) according to a 
personal evaluation of the attractiveness of each opportunity that presents itself 
(Salomon, 1986). While searching (or ‘cruising’) for parking, “….. drivers will 
evaluate potential parking spaces on the basis of their prior parking intentions, the 
specific characteristics of each opportunity ……. and on the basis of the information 
they have gathered on the availability of alternative opportunities during previous 
stages of the search process” (Polak and Axhausen, 1990, pp.3). Vehicles 
searching for parking have been a recognised phenomenon as early as 1965, when 
urban traffic volume was considerably lower (Roth, 1965b); the significantly higher 
traffic levels nowadays would suggest parking search may have become a far 
greater issue. 
1.5 The Research Problem 
Vehicles searching for parking comprise a “mobile queue of cars that are waiting for 
curb vacancies, but no one can see how many cars are in the queue because the 
cruisers are mixed in with other cars that are actually going somewhere” (Shoup, 
2006, pp.479). Parking search creates a problem in urban areas because of the 
negative impact of additional vehicle miles travelled on the wider traffic network; an 
impact that has been defined as “a random access queue that interferes with traffic 
flow” (Arnott and Inci, 2010, pp.260). Thus, parking search exacerbates the 
environmental and economic impacts in urban areas. These impacts can be 
quantified in terms of increased network traffic flow and congestion (Arnott and Inci, 
2006), noise emissions (van Ommeren et al., 2012), air pollution (van Ommeren et 
al., 2012), time delays, both for individuals who are searching and for through traffic 
delayed by the slower vehicle speeds of searching vehicles (Anderson and de 
Palma, 2004), and possible safety hazards (Axhausen and Polak, 1989). It has 
been estimated that cars searching for parking constitute 14% of traffic density and 
generate a 50% increase in congestion-related time loss (Arnott and Rowse, 2009). 
Furthermore, Shoup (2005; 2006), in a review of sixteen studies conducted in 
eleven cities in the USA, estimated on average 30% of traffic was searching for 
parking, with 8.1 minutes average search time; while van Ommeren et al. (2011) 
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estimated commuting time increased by approximately 20% due to time spent 
searching for parking. In terms of safety, approximately 15% of all traffic accidents 
involved parked cars, with between 40%-60% of mid-block accidents involving 
parking (Weant and Levinson, 1990). The environmental impact of parking search 
primarily concerns the additional vehicle miles travelled by drivers and associated 
carbon dioxide (CO2) emissions from vehicles searching for parking. Parking search 
contributes towards increased congestion levels which in turn, augments the levels 
of CO2 pollutant emissions (Barth and Boriboonsonsim, 2008). In addition, patterns 
of driving associated with parking search, in terms of frequent stop/start 
manoeuvres and rapid acceleration/deceleration as potentially available parking 
spaces are searched for and located, result in greater emissions of CO2. 
Furthermore, incidences of idling while waiting for a parking space to become 
vacant further add to CO2 being emitted from waiting vehicles (Barth and 
Boriboonsonsim, 2009). In examining the available research, therefore, several 
examples that have been identified have highlighted how parking search has added 
to the environmental, economic and safety impacts in urban areas. 
1.6 Aim and Objectives  
The aim and objectives of this thesis were developed after having conducted a 
thorough review of the literature. This has been covered in detail in the next chapter. 
The review revealed that parking search had been under-researched in recent 
years, with most of the research having been conducted during the 1990s and early 
2000s. Furthermore, few studies had investigated parking search in urban areas of 
the UK, despite it having been identified in the literature as having had a serious 
impact on individuals and for society within the areas in which it had been 
investigated (primarily in the USA). It was therefore considered that parking search 
was an important area in need of further research, in order to more thoroughly 
understand the concept of parking search and the significant factors that influenced 
a driver’s search time for an on-street parking space. The aim of this thesis is, 
therefore: 
To investigate and compare the factors that influence drivers’ urban on-street 
parking search time and its policy implications. 
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This led to development of the following objectives on which this research has 
focused: 
1) To identify the factors influencing urban on-street parking search time;  
2) To determine the views of local authority transport and parking policy 
decision-makers, with respect to parking search;  
3) To ascertain the perspectives of individual drivers of their experiences of 
urban on-street parking search; 
4) To develop a relationship between urban on-street parking search time and 
other factors using a statistical model;  
5) To recommend to local authorities future parking search policy.  
 
1.7 Structure of the Thesis 
The structure of the thesis follows the format outlined below.  
Chapter 2 reviews the issues of importance in terms of parking search research 
within the literature, focusing particularly on various factors that potentially influence 
drivers’ parking search time. 
Chapter 3 undertakes a review of data collection and modelling approaches that 
have been applied in parking search research and that informed the current 
research methods. 
Chapter 4 describes the methodology that has been applied to the research. This 
covers the research paradigm, methodological approach, qualitative and 
quantitative techniques, and development of a statistical model utilised to analyse 
the data.  
Chapter 5 explores the findings of the qualitative interviews conducted with local 
government authority Council Officers. 
Chapter 6 focuses on survey data collection and analytics.  
Chapter 7 analyses the results from the statistical modelling of the on-street parking 
survey undertaken with drivers. 
Chapter 8 develops the policy implications of the research after having undertaken 
further interviews with local authority Council Officers. 
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Chapter 9 comprises a discussion of research findings from the scoping study, 
parking survey and qualitative interviews, wherein policy implications were 
discussed with Council Officers. The chapter also includes an examination of each 
hypothesis.  
Chapter 10 focuses on research conclusions and recommendations. This chapter 
covers the following elements: achieving the aim, addition to knowledge, areas of 
future research, research limitations and policy recommendations.  
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2.1 Introduction1 
The importance of parking search in terms of environmental and economic impact 
has been outlined in the introductory chapter. Given the significance of parking 
search upon the wider traffic network and the environment, a review of various 
factors affecting parking search behaviour that have been identified in the literature 
will be undertaken in this chapter.  
Parking search embraces many inter-related variables; these incorporate area-wide 
characteristics such as the level of parking supply and pricing; parking 
characteristics such as time restrictions, occupancy and turnover; and individual 
characteristics relating to trip and personal factors (incorporating socio-economic 
factors), which vary for each individual. More recently, technological advancements 
have inspired new developments that will increasingly affect drivers searching for 
parking. Parking search therefore occurs within a framework of decisions taken by 
each driver based upon specific trip and personal factors and according to a 
preference for on- or off-street parking, alongside an evaluation of potential parking 
places and by the search route chosen, which would lead to certain parking spaces 
being encountered over other parking places (Kaplan and Bekhor, 2011). Important 
factors influencing parking search, as identified in the literature, are indicated in 
Table 2.1. Each of these factors will be examined in turn by reviewing the literature 
in which these variables have been investigated. 
 
 
 
 
 
 
1
 This chapter is based upon a Transportation Research Record paper which reviewed the 
factors affecting parking search (Brooke et al., 2014). 
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Table 2.1: Potential factors influencing parking search 
Time-related factors 
 Search time 
 Access and egress time 
 Queuing and waiting time 
Area-wide factors 
 Local area parking policy 
 Residential parking policy 
 Presence of Park and Ride (P&R) 
 Illegal parking control and enforcement 
 Requirement for a parking permit 
 Parking Guidance Information (PGI)  
 Technological developments 
Price-related factors 
 Parking pricing 
 Willingness to pay 
Parking characteristics 
 Parking type  
 Supply 
 Capacity (size) 
 Occupancy and turnover 
 Times of operation 
Individual (trip and personal) 
characteristics 
 Trip purpose 
 Parking duration 
 Previously visited car parks and travel time 
to parking alternatives 
 Immediately preceding route choice 
 Parking habit 
 Familiarity with the local area and parking 
places 
 Trip and parking frequency 
 Perception of vehicle security and personal 
safety within parking places 
 Personal value of time 
Socio-economic 
characteristics 
 Sex of the individual 
 Age of the individual 
 Driver ethnicity 
 Income level of the individual 
 Education level of the individual 
 Employment status of the individual 
Other factors 
 Weather conditions 
 Unobservable preference for a particular 
parking facility 
 
2.2 Time-Related Factors 
 
2.2.1 Search Time 
A significant factor of parking search is the length of time required to be spent by 
drivers in order to locate a vacant parking space that successfully fulfils their 
particular requirements. A situation may often arise whereby several drivers are all 
searching within a locality for a vacant parking space; an occurrence which is 
exhibited by the slower pace of such vehicles compared to other traffic 
accompanied by a recognisable direction of gaze of a driver (and passengers, if 
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they too are present in the vehicle) looking towards the sides of a road for an 
available space or for a visible sign of a vehicle about to vacate a space, rather than 
gazing straight ahead as typically occurs among drivers who are not searching 
(Laurier, 2003). Although it may be apparent which drivers are searching for 
parking; what remains unknown is the length of time for which they have been 
searching (Laurier, 2003). Indeed, the stochastic nature of on-street search time is 
important, since drivers evaluating various parking search influencing factors cannot 
with any accuracy predict precisely the length of search time on a particular day or 
time (Vickrey, 1954; Arnott, 2014).  
The interaction between parking search time, demand, supply, and the impact on 
the wider traffic network has been investigated by Polak and Vythoulkas (1993), 
who identified how the level of parking demand in relation to available capacity 
influenced individual search time for a parking space; that the extra distance driven 
while searching contributed to network congestion; and both search time and 
congestion generated were influenced by supply factors such as parking place 
location and pricing, and parking guidance information (PGI) provision. Arnott and 
Inci (2006) investigated parking search from an economic perspective. Eliminating 
parking search, described as “pure deadweight loss” (Arnott and Inci, 2006, pp.419), 
can be achieved either by increasing on-street parking charges or by allocating 
more on-street space to parking. Arnott and Inci (2006) suggested either option 
would successfully remove the need for parking search, without creating 
unsaturated parking (when capacity exceeds demand). More recent research by 
Arnott and Rowse (2013) examined on-street parking time limits as a means of 
reducing parking search; while Arnott et al. (2015) observed how as a fee 
differential between a garage (parking facility) and on-street parking increased, 
searching for parking became more severe.  
Golias et al. (2002), Shoup (2004; 2006), and van Ommeren et al. (2011) 
investigated how parking pricing affected the likelihood of searching for parking and 
individuals’ choice of parking place. Individuals were more likely to search for 
parking if on-street spaces were inexpensively priced compared to off-street parking 
facilities. Therefore, to eliminate parking search, Shoup (2004) suggested charging 
on-street parking at market price and pricing adjacent on- and off-street parking 
equally (Shoup, 2006). Similarly, a policy of reducing the price of off-street parking 
to align it more closely with on-street parking fees would achieve the outcome of 
decreasing parking search (Barter, 2012). Meanwhile, in Piraeus (Greece), Golias et 
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al. (2002) found increasing search time for on-street parking reduced the 
attractiveness of this parking type among drivers, while enhancing off-street 
parking’s appeal, where the probability of finding a vacant parking space may have 
been perceived as being more likely. Van Ommeren et al. (2011) found the low 
price of residential parking permits in Amsterdam (the Netherlands) led to 
widespread searching for on-street parking among residents and gave rise to 
insufficient parking capacity available for non-residents. 
Further research into on- and off-street parking search has been undertaken in the 
Netherlands by van Ommeren et al. (2012). The findings highlighted that parking 
search had spatial and temporal elements: search time increased with parking and 
travel duration; it formed morning peaks; and occurred more frequently in cities 
experiencing higher vehicle trip numbers, particularly for retail or leisure purposes. 
Van Ommeren et al. (2012) additionally found that individuals balanced search time 
costs against parking cost savings; reduced search times occurred among higher-
income individuals, who were willing to pay higher parking fees to avoid longer 
searches. No effect on search time was found according to vehicle occupancy level 
(van Ommeren et al., 2012); in contrast to Shoup (2006), who predicted drivers in 
solo-occupancy vehicles would be more likely to search for a parking space.  
Individuals experience varying levels of constraints on their time, with one of the 
most pressing constraints being to arrive punctually at a place of work; hence it 
could be considered unsurprising that van Ommeren et al. (2012) discovered 
parking search is more likely to occur among individuals participating in retail or 
leisure activities than for those undertaking employment or business tasks. This 
finding was partially replicated by Bradley and Layzell (1986), in which employees 
working full-time searched the least amount of time for a parking space; while 
shoppers and part-time workers engaged in longer search time duration. The finding 
of shorter search times for full-time workers could be explained by their having 
earlier work start-times, that led to arrival at parking places before the morning 
parking peak times and consequently enabled vacant spaces to be more quickly 
located. This contrasted with the often later start-times of part-time employees; 
leading to arrival at parking places that may have coincided with higher parking 
occupancy (Bradley and Layzell, 1986). Investigating parking type, Bradley and 
Layzell (1986) found search time was highest for on-street (free and metered) 
parking spaces and lowest for multi-storey spaces. Richardson (1982) examined the 
search process from a maximum utility perspective, in which individuals’ parking 
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search ceased only when search costs exceeded expected gain from continued 
searching. Applying a simulation model, Richardson (1982) showed how increasing 
search costs reduced the probability of continued parking search; however, 
increased prior information about parking options increased search behaviour, as 
individuals knew the expected utility value of continuing to search would be higher 
than the current parking choice.  
2.2.2 Search, Access and Egress Time 
Search time as a parking search influencing factor has additionally been 
investigated alongside access time (travel from a point of origin to a parking place), 
and egress time (walking time from a parking place to a final destination), in various 
combinations of the three factors. Axhausen and Polak (1991) and Hess and Polak 
(2004) examined access, search, and egress time through developing parking 
choice models. Hess and Polak (2004) found significant differences in respondents’ 
valuation of each travel time component; while Axhausen and Polak (1991) found 
high absolute time cost values and relatively similar search and egress time values 
for respondents in Karlsruhe (Germany) and Birmingham (UK). As early as 1969, 
the uncertainty of parking decisions and the influence of such uncertainty on choice 
were investigated by Lambe (1969); indicating that parking behaviour and parking 
choice were considered as important issues as far back as the 1960s. Several 
decades later, by applying possibility theory to model uncertainty in parking choice 
behaviour Dell’Orco et al. (2003) and Ottomanelli et al. (2011) investigated access, 
search and egress time. Tsamboulas (2001) estimated drivers’ behaviour change 
from an already chosen parking location, based on a combination of 
increased/decreased walking time and higher/lower parking charges, and found 
more expensive parking choice was considered if it was associated with reduced 
walking time. Sattayhatewa and Smith (2003) also incorporated parking cost 
alongside access and egress time in an investigation into factors influencing event-
specific parking choice. The results indicated the importance of egress time in first 
choice car parking preference, and found access time to be statistically significant in 
parking choice. Likewise, the significance of access and egress time in parking 
choice was found by Bustillos et al. (2011), who modelled parking choices of 
multiple user classes on a university campus.  
The influence on parking choice of egress time, or walking time (or distance), when 
associated with parking charges has been investigated; indicating that individuals 
are evaluating and ultimately deciding between a preference for either shorter (or 
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longer) walking time accompanied by higher (or lower) parking fees. Harmatuck 
(2006) found price, walking distance, and income to be highly significant; with lower 
income individuals parking at distances that had greater walking times in order to 
gain lower parking fees. Similarly, Lam et al. (2006b) indicated the influence of 
walking distance on parking choice behaviour; with parking charges and car park 
capacity identified as additional influencing factors. Likewise, Yun et al. (2008) 
found that walking distance influenced parking choice, although it was indicated that 
drivers chose between increased walking distances accompanied by less expensive 
parking fees, or paying more for parking in order to obtain a reduced walking 
distance. Meanwhile, van der Goot (1982) found walking time had greater influence 
on parking choice among visitors to Haarlem city centre (the Netherlands) than did 
parking charges or car park occupancy levels. Ergun (1971) found individuals chose 
increased walk time in order to avoid higher parking charges at their destination; 
interestingly, walk time was not reduced by higher income levels, as had been found 
in some later studies (Harmatuck, 2006; Yun et al., 2008). Similar to Ergun (1971), 
but two years earlier, Lambe (1969) indicated Central Business District (CBD) 
employees chose to walk longer distances to reduce parking cost. Meanwhile, Hunt 
and Teply (1993) found egress time to be one of several factors influencing parking 
choice; other important factors being parking charges and likelihood of search 
and/or waiting times. 
2.2.3 Queuing and Waiting Time 
Queuing and waiting time occurs when an individual, upon having reached a 
preferred parking place, finds it necessary to wait for a parking space to become 
available. Parking choice and search may, therefore, be influenced by perceived 
waiting time, which is affected by factors such as car park capacity, parking 
occupancy and vehicle turnover. The influence of queuing and waiting times on 
parking choice were investigated by Teknomo and Hokao (1997) and Lau et al. 
(2005) in Hong Kong and Indonesia, respectively. Lau et al. (2005) found egress 
time to be a more important factor than search or queuing or waiting times, while 
Teknomo and Hokao (1997) found queuing or waiting times to be one of several 
factors influencing choice of parking place; the other important factors being parking 
space availability, trip purpose, parking charge, and search and egress time. Hunt 
and Teply (1993) and Thompson and Richardson (1998) focused on car parking 
disutility as affecting individual parking choice; observing how queuing and waiting 
time became one cost aspect affecting car park disutility, against which other 
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parking factors and alternative parking places were compared and evaluated. 
Different aspects of parking choice behaviour and the influence of queuing and 
waiting times have been investigated by van der Waerden et al. (1993) and Caicedo 
et al. (2006). Van der Waerden et al. (1993) researched the influence of perceived 
queuing and waiting time on individuals’ parking behaviour when faced with a fully 
occupied first choice parking facility. The findings indicated the likelihood of drivers 
queuing and waiting was influenced by: anticipated length of queuing and waiting 
time; the number of waiting cars; and the number of alternative parking facilities 
previously visited. Caicedo et al. (2006) investigated queuing and waiting on a 
micro-scale by examining individuals’ parking choice when faced with a fully 
occupied first choice level of underground car park. It was found that individuals 
preferred to park in a space located close to the surface level. If no spaces were 
available on this level, a search commenced for an available space on a lower level 
rather than waiting for a space to become available on a first choice level. 
2.3 Area-Wide Factors 
   2.3.1       Local Area Parking Policy 
Local area parking management policies affect the amount and location of parking 
supply, access to spaces and the price at which it is set (Mcshane and Meyer, 
1982). In addition, central and local government parking policy affects parking 
search through aspects such as the amount of parking supply and the pricing of 
parking in urban areas. An element of complexity is added through the intertwining 
of private organisations who own and operate car parks and whose aim is to 
maximise profits, and local government authorities who are publicly-funded and 
need to consider how the provision of on- and off-street parking infrastructure 
integrates with an overarching urban transport strategy, within which parking policy 
forms only one aspect. Furthermore, implementing strategic decisions in the areas 
of parking and transport policy will often entail sensitive and controversial decisions 
and may risk alienating large numbers of individuals for the sake of creating wider 
societal benefits (Butler, 2012). A further tension in parking policy that exists for 
local authorities is ensuring accessibility of urban areas in order to preserve local 
economic activity and vitality, revenue raising from parking charges, managing 
transport demand (Rye and Koglin, 2014), and achieving public acceptability of 
implemented policies (Rye et al., 2008). However, Marsden (2006) found that 
parking restraint did not reduce the attractiveness of city centre destinations. 
Despite this, balancing these requirements are of particular importance in 
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destinations experiencing regular high demand for parking spaces, particularly if 
supply is unable to fulfil such demand at peak periods, thus leading to high levels of 
parking search. In such instances, policy measures based upon controlling access 
to available spaces by type of user (for instance, commuters, shoppers, tourists, 
business users, and residents) through mechanisms such as on-street time and 
price regulations and permit schemes may be introduced.  
Understanding the impact of parking search and how this may be affected by 
parking standards and design principles (Weinberger, 2014) is important for 
understanding the wider impacts on individuals and society that may arise from 
future parking policies. An informed urban parking policy which comprised an 
effective and coherent on-street parking strategy (Marshall, 2014) could help reduce 
the occurrence of parking search. Young and Miles (2014) examined the spatial 
distribution of policy and usage of parking in Melbourne (Australia). The findings 
emphasised the need to consider parking policy at a wider metropolitan level; not 
only within central city areas, since travel and urban development expanded from 
city centre areas to areas lacking in a co-ordinated parking policy. Mingardo et al. 
(2015) have conceptualised the key aspects of parking policy in terms of: elements 
of supply (number, location and type of parking place); instruments (parking 
requirements or standards, regulations, marketing, information and communication 
systems); and policy aims to which parking policies can contribute. Focusing on 
these aspects, Mingardo et al. (2015) suggested, would enable development of a 
new strategic, rather than reactive, approach to parking which is integral to urban 
transport policy and travel demand management. Policy transfer through application 
of knowledge and/or policies from one setting to another (O’Dolan and Rye, 2012) 
could potentially offer an effective means of learning more about parking search 
activity and potential policy measures, by applying knowledge of parking search 
policy from one urban area to another. McCahill and Garrick (2010) indicated how 
parking policy enabled incremental changes to be made in parking provision that led 
to different levels of car use over time. Such research further develops the typology 
of parking policy (Barter, 2014) and the taxonomy of parking spaces (Enoch, 2014). 
    2.3.2       Residential Parking Policy 
Wang and Liu (2014) emphasised the need for an effective parking policy based 
upon residential density and intensity in urban and suburban areas, which 
considered proximity to public transport infrastructure and regulated the number of 
parking spaces accordingly. Further research that examined the extent to which 
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parking requirements affected urban housing development was conducted by 
Manville (2013). The study found that regulations around providing on-site parking 
with housing had the effect of discouraging the development of dense urban areas 
as the cost of providing parking was paid by developers upon commencement of the 
projects. This resulted in the cost of parking being included in the housing purchase 
price; the parking was bundled in with the housing, thereby removing choices from 
homeowners around the type and amount of parking required and, indeed, whether 
parking was actually needed at all. Similarly, Shoup (2014) noted that minimum 
parking standards increased construction costs for other structures, with the cost of 
building a shopping centre increased by up to 67% (for an above-ground structure) 
and by up to 93% (if the parking was underground). Engel-Yan and Passmore 
(2013) evaluated the justification and options for adopting flexible parking 
requirements for residential developments that incorporated reserved parking for 
car-share vehicles.  
Guo (2013a; 2013b) investigated the effect of residential parking convenience on 
households’ car usage in terms of the implications for residential parking policies. It 
was found that for households with the same car ownership level, those without off-
street parking used cars much less, since finding a parking space available upon 
returning from a trip was not guaranteed, hence households with only on-street 
parking available tended to use alternative transport modes more frequently. 
However, if households had both on- and off-street parking available, those who 
preferred to use the more convenient on-street parking made more car trips than 
those who did not. Furthermore, when a parking place was easy to manoeuvre in 
and out, households used cars more often. Weinberger et al. (2009) found that 
residential parking provision affected commuting behaviour, with parking that was 
provided adjacent to a household, in a garage or driveway being more likely to 
generate car commuting trips than did parking supplied in central car parking 
facilities. Guo and McDonnell (2013) investigated the feasibility of charging 
residents for on-street parking in high density neighbourhoods. It was found that a 
little more than half of respondents expressed a willingness to pay, with greater 
willingness to pay in neighbourhoods where the main parking problem is shortage 
and crowding caused mostly by residents (not by non-residents). The effect of 
parking standards on the amount of parking provision supplied with residential 
developments has been investigated by Li and Guo (2014), who compared the level 
of parking supply in London, based on minimum parking standards and (post-
reform) maximum parking standards, which occurred in the early 2000s. The 
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findings indicated a reduction of approximately 0.76 parking spaces per unit in 
residential development applications; equating to 49% of the pre-reform level. It is 
suggested that market forces influenced the decline in parking supply; thereby 
indicating strong evidence for a market distortion effect of minimum parking 
standards.  
A new usage of, primarily, residential parking in the locality of major destinations (for 
instance, airports and sports stadia) has emerged in the UK over recent years 
(Budd et al., 2013), whereby households rent a private driveway on a short-term 
basis to individuals visiting a destination. This unregulated arrangement benefits the 
householder through generating extra income from driveway rental, and satisfies the 
end user who is able to rent a parking space at a lower cost than would have 
occurred through paying to park at a destination. Despite the apparent advantages 
to both parties, wider issues exist around vehicle security and personal safety for 
the consumers; whereas from the perspective of the destinations, lost revenue from 
users parking elsewhere is of concern. Furthermore, additional traffic congestion 
may arise on local roads; thereby presenting a challenge to local authorities.   
    2.3.3       Presence of Park and Ride (P&R) Schemes 
Park and Ride typically involves provision of a car park adjacent to an intermodal 
transfer point which allows a driver to change from private car mode to public 
transport (usually bus, tram or train) for the remainder of the journey (Clayton et al., 
2014). In the UK, P&R is regarded favourably by local authorities as a policy 
measure which can assist in urban congestion reduction and tackling traffic 
problems such as air pollution emissions (Meek et al., 2009; 2010; Parkhurst, 1995); 
with peripheral P&R sites on the outer fringes of urban areas that intercept drivers 
for the final stretch of a trip being the most common type of P&R. P&R is relevant to 
parking search since, if a large number of drivers have chosen to park in peripheral 
car parks instead of driving into city cores, this will have had the effect of reducing 
demand for central on-street parking spaces and resulted in a reduced need for 
parking search for those drivers who continued to drive into central urban areas and 
wanted to park. However, regarding the P&R aim of reducing drivers’ vehicle miles 
travelled (VMT), Parkhurst (1995) found that P&R schemes may actually extend 
total VMT, since some P&R users changed from modes other than private car and 
additional car trips were undertaken by those attracted by the opportunity to use a 
P&R site. Similar findings were described by Meek et al. (2010; 2011), with VMT 
generated by additional car trips and abstraction of conventional public transport 
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service passengers by P&R. Meek et al. (2011) suggested alternative forms of P&R 
such as a ‘Hub and Spoke’ (comprising small feeder services for an interchange 
site) or ‘Link and Ride’ (a chain of smaller interchanges intercept drivers at an 
earlier phase along a journey) may offer VMT reductions and could be considered 
as future developments to extend the current P&R model. Hole (2004) investigated 
P&R from the perspective of potential utilisation by employees, by applying a stated 
choice method. The results indicated that P&R usage would be relatively low unless 
accompanied by measures to reduce the attractiveness of on-site parking, for 
instance, by implementing parking charges. 
    2.3.4       Illegal Parking Control and Enforcement    
The control and enforcement of illegal parking entails the imposition of fines on 
motorists who have parked in opposition to stated regulations in a particular locality, 
for example, overstaying a set parking duration, occupying more than one marked 
bay, parking in areas where parking is not permitted, or not paying a required fee. 
Parking enforcement in some areas of the UK involves clamping or towing-away of 
vehicles, for which drivers must pay to later release or retrieve a vehicle. Parking 
control represents an additional cost for motorists therefore the likelihood of 
enforcement of illegal parking is an influencing factor in parking choice. This 
decision making process was identified by Hess and Polak (2004) who observed 
that higher parking fees created more disutility than an expected fine for illegal 
parking; implying drivers were more likely to park illegally if parking fees were high. 
Similarly, van der Waerden et al. (1993) found the probability of illegal parking 
decreased when likelihood of receiving a parking fine increased. Consideration of 
likely enforcement was a factor for drivers in Athens (Greece); with only occasional 
fines for illegal parking resulting in drivers parking illegally when accompanied by 
reduced walk time to destination (Tsamboulas, 2001). Likewise in Haarlem, visitors 
considered there to be little distinction between illegal or legal on-street parking (van 
der Goot, 1982). Simulation by Saltzman (1994) of the effect that increased parking 
enforcement would have on discouraging illegal parking, and by Gur and Beimborn 
(1984), found as the simulated level of parking fine increased, long duration parkers 
were more likely to change from an illegal parking choice to a legal alternative, as 
likelihood of receiving a penalty charge increased with duration. The effect of wheel-
clamping on parking search time was investigated in central London by May and 
Turvey (1984), who found that the number of vacant on-street meter spaces 
increased and parking search time decreased; indicating that enforcement 
increased parking availability and reduced search time for on-street parking spaces. 
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    2.3.5       Requirement for a Parking Permit  
Parking choice and search may in certain situations be restricted to specific user-
groups who have been issued with a parking permit for designated on- or off-street 
parking places. Parking permits have most frequently been applied within groups 
such as: residents living within a designated zone (often where there is limited on-
street parking supply and which may be close to a destination that attracts large 
numbers of non-residents to an area), for instance, Edinburgh’s Controlled Parking 
Zone (CPZ) (Rye et al., 2006); company employees (usually for off-street employer-
provided facilities), or individuals classed as having a disability (permits typically 
apply to both on- and off-street spaces). Where parking is provided by employers, it 
is typically a privately-owned car park to which employees are given access through 
a barrier entry system and are then permitted to choose a parking space from any 
that are currently vacant. Alternatively, parking spaces for residents and for 
individuals with disabilities are more likely to be publicly-owned by a local 
government authority (with the exception of allocated disability parking within private 
businesses, for instance, food retail outlets). Regulations differ for each permit 
scheme, with some schemes subject to specific times of operation or restricted 
duration; others being more flexible.  
For employees possessing a parking permit for an employer-provided off-street car 
park, parking search becomes unnecessary, since the permit offers a guaranteed 
place to park (Gillen, 1977a; 1977b). Hence, no further parking decision is needed 
(apart from which space to select within a car park) unless an employee chooses to 
park in an alternative non-employer provided parking facility, for reasons of personal 
preference or due to being unable to locate an available space within the permit 
users’ car park (Gillen, 1977a; 1977b). Users of residential  or disability permits are 
allocated a particular parking place but have no guarantee of finding an available 
space at a desired time and location, resulting in permit-holders increased individual 
search time through driving round searching for a designated permit-holder parking 
place. This has been illustrated by van Ommeren et al. (2011), who found that the 
existence of low priced residential parking permits stimulated a large number of 
residents to purchase a permit. This resulted in increased search for on-street 
parking spaces particularly during the evenings, and led to a shortage of parking 
available for use by non-residents.  
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    2.3.6       Influence of Parking Guidance Information (PGI) Systems  
PGI systems “aim to provide information to drivers concerning the location of, 
direction to and availability of parking spaces, and to thereby encourage a more 
efficient use of the parking stock and reduce the amount of parking search traffic 
within an urban area” (Polak et al., 1989, pp.2).  PGI is most effective when off-
street parking demand approximately equals supply (DfT, 2003). Dynamic PGI signs 
influence individuals’ parking choice by presenting drivers with real-time information 
about changing parking conditions; the aim being to divert motorists away from 
congested parking facilities and encourage utilisation of under-used car parks 
(Thompson et al., 1998; Polak et al., 1989). A further objective is to reduce parking 
search time and the associated local traffic congestion arising from vehicles 
circulating city centres in an attempt to find available parking spaces (Polak et al., 
1989).  
PGI research has focused on success toward achieving the stated aims; however, 
results have highlighted varying levels of PGI effectiveness among different user-
groups. This was indicated by Thompson et al. (1998) and Thompson and Bonsall 
(1997), who found wide variation among different driver groups for PGI awareness 
and usage; with an overall low response to PGI systems (Thompson and Bonsall, 
1997). This finding was supported by Polak et al. (1989) who found PGI systems, 
while being recognised by a majority of urban drivers, were used by a minority who 
were mostly unfamiliar with a local area; and by Axhausen et al. (1994) and 
Chatterjee and McDonald (2004), who also found high awareness and low usage of 
PGI signs. However, Axhausen and Polak (1989) specified two user groups who 
particularly benefited from PGI; in addition to those drivers without local area 
knowledge, those individuals who had almost complete local knowledge utilised PGI 
to update their assumptions about current network conditions. Furthermore, 
Axhausen et al. (1994) identified how PGI was not primarily used as part of an initial 
parking strategy; instead, it was being utilised as a replacement strategy when a 
first-choice parking place was unavailable. Ji et al. (2014) found that PGI was often 
ignored by drivers due to inaccurate or out-of-date information being displayed. In 
addition, the findings indicated differences between male and female drivers 
regarding the need for PGI; females showed a higher demand for information at 
both pre-trip and en-route stages. In contrast to these findings, Liu et al. (2011) 
found higher usage of PGI in Nanjing (China); although, in agreement with other 
research, found drivers with greater familiarity of the local area were less likely to 
follow PGI signs.  
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PGI was found to have limited impact on network-wide travel time; reducing total 
travel time by 0.1–1.0% in a network simulation parking choice model (Waterson et 
al., 2001). In an evaluation of Variable Message Signs (VMS) in London, Hounsell 
et al. (1998) found scope for increasing VMS utilisation through information 
provision about unpredictable incidents, with such provision being positively viewed 
by drivers. In 1990, PGI was applied in the form of a ‘parking information service’ in 
Nottingham (UK) by real-time parking information being disseminated through radio 
broadcasts, accompanied by historical parking location information distributed 
through leaflets and newspaper advertisements; the aim being to encourage usage 
of under-utilised city centre car parks and Park and Ride (P&R) facilities (Khattak 
and Polak, 1993). Overall, findings indicated the parking information service 
increased drivers’ car park knowledge and utilisation of P&R (Khattak and Polak, 
1993). Moving away from macro-level PGI systems within urban areas, Caicedo 
(2009) developed a model to reduce driver search time within the micro setting of 
individual parking facilities, by determining the parking occupancy level at which PGI 
signs should display the facility as ‘full’. If PGI signs along main urban routes were 
used to transmit information about space availability within specific facilities, this 
had wider network implications for reducing unnecessary travel to already full car 
parks (Caicedo, 2009). In a similar focus aimed at reducing unnecessary travel time 
and the impact of parking search on traffic networks, Thompson et al. (2001) 
developed a model to minimise parking queues and hence waiting time by 
distributing excess demand across parking facilities with spare capacity and 
diverting drivers from centrally-located parking towards car parks located closer to 
drivers’ travel origin.  
    2.3.7       Technological Developments 
Advances in technology are having an impact on parking search, with search time 
declining in urban areas that have introduced technological solutions to increase the 
availability of parking spaces to meet demand. For instance, the SFPark scheme in 
San Francisco (USA) installed embedded sensors in on-street parking spaces to 
indicate real-time parking occupancy of each space, and implemented dynamically 
variable parking charges according to demand for on-street metered parking spaces 
(Chatman and Manville, 2014; Millard-Ball et al., 2014; Pierce and Shoup, 2013). 
Internet websites, such as Parkopedia.co.uk, Car Parks 4U.com, and Confused.com 
make available to drivers advance information as to the location of parking places 
around a desired destination; thereby reducing the need for parking search upon 
arrival.  
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Other dynamic technological advances in the form of mobile phone (smartphone) 
applications assist motorists in locating, and potentially reserving and paying for a 
vacant parking space remotely by informing drivers as to where vacant spaces are 
located in real-time; thus reducing the need for parking search (Nawaz et al., 2013). 
Smartphone parking bay sensor technology was installed in Westminster in the City 
of London (UK) in early 2014, in which sensors detected vacant and occupied 
parking bays, enabled drivers to view a real-time map of parking spaces, before 
directing them to an empty space. A 2014 scheme in Chicago (USA), ‘ParkChicago’, 
allowed drivers to pay for parking using a mobile phone without the need to locate a 
meter, display a valid ticket, or return to the meter to extend parking time. Mathew et 
al. (2014) developed a smartphone application which enabled advance reservation 
of a parking space within an off-street car park. The subsequent search time, total 
travel time and emission rates were examined; it was found that 40% reduction in 
search time was attained by drivers who had reserved a parking space in advance, 
during peak times those drivers who had made a reservation were able to locate a 
vacant space, total travel time decreased, and emissions reduced since vehicles 
were no longer slowing down or accelerating in order to find a parking space. A 
smartphone application such as this has the potential to achieve similar impacts for 
on-street parking search.  
 
Shin and Jun (2014) proposed a smart parking alogorithm which assisted drivers in 
finding a parking facility based upon factors such as access time, walk time, parking 
charge, and traffic congestion. This has the potential to be applied to on-street 
parking to reduce parking search for this parking type. New technologies have the 
potential to have a considerable impact on parking search in areas where they are 
implemented, through the identification of vacant parking spaces and informing 
motorists of the location of spaces, thereby reducing the need for drivers to search. 
Yet many policy makers are slow to realise the gains that these could offer in 
parking policy, either through lack of awareness or from perceived prohibitive costs.  
2.4 Price-Related Factors 
    2.4.1      Parking Pricing 
One of the most frequently researched factors influencing parking choice has been 
pricing; that is, fees charged for using parking facilities, which are calculated as 
hourly, daily, monthly or annual rates, or by total parking duration per single 
occasion. Pricing varies depending upon type of parking facility, with some on-street 
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parking places having no charge (for limited or unlimited time periods); while other 
areas have installed kerb-side meters into which funds must be paid for the 
expected parking duration. Off-street parking fee levels vary according to car park 
ownership (whether publicly or privately owned), in addition to time bands for 
different parking durations. Payment exemptions exist for specified users of on- and 
off-street parking, for instance, disability permit holders who are frequently offered 
free parking or preferential parking spaces for unlimited time periods. Off-street 
payment methods may comprise ‘pay-on-exit’ with vehicles entering and exiting 
through barriers. Alternatively, payment may be required upon arrival at a parking 
facility in the form of a ‘pay-and-display’ ticket machine. The disadvantage to drivers 
using ‘pay-and-display’ is the requirement to know the anticipated parking duration 
upon arrival at a destination, which cannot always be accurately predicted; thereby 
potentially leading to over-payment or, alternatively, under-payment and receipt of a 
monetary fine for illegal parking. Parking pricing and its influence on parking search 
was highlighted as long ago as the 1960s when Roth (1965a) outlined how certain 
individuals’ preference was to pay to park, in order to avoid longer search times in 
attempting to locate a free at the point-of-use parking space. 
    2.4.2      Parking Pricing: A Travel Demand Management Strategy 
Much of the research on parking pricing has focused on parking charges 
implemented as an aspect of travel demand management policy; for example, 
parking pricing was investigated by Fosgerau and de Palma (2013) as a measure to 
regulate urban congestion. Van der Waerden et al. (2006) examined drivers’ 
responses to suggested implementation of parking charges at a university campus 
in the Netherlands. Despite the proposed parking charge amount being unspecified, 
over half of respondents stated a likely change in travel behaviour (typically to 
travelling by a mode other than by car). Similar findings were noted by Willson 
(1992), who investigated the impact of employer-paid parking on parking demand 
and mode choice and found employees were less likely to drive to work when 
charged for parking. Rye and Ison (2005) examined the reasons for and the 
practicalities of workplace parking charge implementation in the UK. A key finding 
was that very few organisations had introduced charging for employee parking and 
it was mostly public sector organisations (especially hospitals and universities) that 
had chosen to do so. Possible explanations for this focused on the larger size of 
such organisations creating an on-site parking shortage and many more individuals 
visiting these sites (not just employees but also patients or students).  
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A different approach to a workplace parking charge is that followed by the City of 
Nottingham (UK), which implemented a Workplace Parking Levy (WPL) in 2012. 
This scheme charged employers who supplied more than ten on-site parking 
spaces for employees; the level of charge being based upon the number of parking 
spaces provided (Burchell et al., 2014; Frost and Ison, 2009). The WPL offered an 
incentive to employers to reduce the amount of parking provided in order to pay a 
lesser charge. In earlier research, Enoch and Ison (2005) examined various parking 
levies that have been introduced worldwide and suggested, similar to a previous 
study (Enoch and Ison, 2004), that scope existed for private parking providers to 
reduce the level of parking provision. It was highlighted that the potential to achieve 
this could arise through financial incentives such as Business Rates. Calthrop et al. 
(2000) and Bonsall and Young (2010) examined parking pricing alongside road 
pricing (road-user charging), with each being considered as potential policies for 
reducing congestion. Findings suggested combined road and parking pricing 
policies would achieve the most effective results. Parking pricing and its effect on 
traffic congestion has been investigated by Glazer and Niskanen (1992) who found 
congestion did not reduce if parking charges increased. Instead, higher parking fees 
encouraged shorter parking duration, greater turnover of parking spaces, and 
associated increased congestion levels. Gillen (1977; 1978) also investigated the 
effect of parking pricing on urban congestion; finding an increase in parking fees 
increased the likelihood of individuals parking at the periphery of the Central 
Business District and thereby redistributing congestion from an urban inner core to 
outer localities, rather than decreasing congestion or encouraging modal shift to 
non-car modes. Other research has also examined on- and off-street optimal pricing 
levels and the associated effects on parking search time and congestion (Calthrop, 
2002; Calthrop and Proost, 2006; Arnott and Rowse, 2009). Parking pricing 
ineffectiveness as a congestion relieving strategy was examined by Manville and 
Williams (2012), who found many long-duration parkers in Los Angeles (USA) were 
exempt from parking payment, with half of parking meter non-payment arising due 
to driver disability exemptions. 
    2.4.3      Parking Pricing: A Parking Choice Influencing Factor 
Other research, meanwhile, focused on pricing as a parking choice influencing 
factor, for example, Qian and Rajagopal (2013) investigated minimising individuals’ 
generalised travel cost by providing drivers with real-time occupancy and pricing 
information in order to assist in choice of a parking place. Other research has 
investigated the effect a parking fee increase had on parking preference. In Dublin 
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(Ireland), Kelly and Clinch (2006) investigated trip purpose and the influence of 
parking charges on parking occupancy. Findings indicated pricing influenced user-
groups differently, with business travellers stating they would be less affected by 
increased parking charges than would drivers making non-business trips. This 
variation became more pronounced with higher parking charges; with increasing 
price sensitivity being indicated across different trip purposes (business and non-
business) in accordance with rising parking pricing (Clinch and Kelly, 2004). In 
contrast, Chalermpong and Kittiwangchai (2008) found lower price elasticity for non-
business trip purposes. A more recent study investigating parking pricing and the 
influence on users with different trip purposes was undertaken by Simicevic et al. 
(2012) in the CBD of Belgrade (Serbia). Similar to the findings of Clinch and Kelly 
(2004), Simicevic et al. (2012) found greater inelasticity of parking demand for users 
having business or commuting purposes, as indicated by lower sensitivity to parking 
price increases; while shopping or leisure purpose parking users were more 
affected by higher prices. Similar findings were noted by Hensher and King (2001), 
who found individuals on business-trip purposes were more likely to park in the 
CBD, while drivers who paid for their own parking chose to park beyond the CBD 
fringe (where prices were lower). Likewise, self-employed individuals tended to park 
beyond or at the fringe, leading Hensher and King (2001) to suggest that parking 
pricing is an effective means of controlling parking demand. Clinch and Kelly (2004) 
also examined parking choice sensitivity and modal choice in a hypothetical 
situation, and found relocation to an alternative parking facility was the most likely 
driver response to local parking charge increases.  
Extending the research to investigate potential temporal variance in price elasticity 
of demand following a 50% parking price increase in Dublin, Kelly and Clinch (2009) 
found that the time period that experienced the highest traffic volume (on weekdays 
at 09:00) was the most responsive to increased parking charges; while 12:00, 
15:00, and Thursday evenings (late-night shopping) were the most inelastic periods. 
It is suggested that parking pricing can be used to target different market segments, 
in order to attract or deter users with various trip purposes. Tsamboulas (2001) 
investigated parking choice and pricing through models which combined varying 
parking charges and walking distances. This enabled assessment of the potential 
for increasing parking charges to create a change in individuals’ parking location, 
and to estimate the level of pricing increase required to inspire modal shift from a 
car to an alternative transport mode. Simicevic et al. (2013) developed a model that 
varied parking charges and time limits as a means of predicting parking behaviour. 
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It was found that time limits influenced the type of parking (on- or off-street) 
selected; while parking price affected levels of car usage. Other research has 
focused on pricing of on- and off-street parking and parking choice; Manville (2014) 
and Shoup (2006) found individuals were more likely to drive around searching 
(‘cruising’) for a parking space if on-street parking was priced lower than off-street 
parking alternatives. Similarly, Golias et al. (2002) found parking cost to be the most 
important influencing factor on parking choice, observing how off-street parking 
price increases led to decreasing off-street parking occupancy. In contrast, Guan et 
al. (2005) found parking cost in a retail centre in Beijing (China) was an unimportant 
factor in individual parking choice, due to many vehicles being owned by private 
organisations or government agencies, resulting in parking charges not having to be 
paid for by individual drivers.  
    2.4.4      Willingness to Pay for Parking  
Willingness to pay is a potentially important parking choice and parking search 
influencing factor, as individuals expressing lower willingness to pay for parking 
would be more likely to search for a free (on-street) parking space or for a low cost 
off-street car park. Research on willingness to pay found drivers exhibited greater 
sensitivity to parking price increases if parking for a longer duration (Kobus et al., 
2012), which could have been expected due to a higher total cost if parking for 
longer time periods; while older respondents, individuals on lower incomes, and 
non-university educated respondents were less willing to pay (Anastasiadou et al., 
2009). Similar to Anastasiadou et al. (2009), Barata et al. (2011) found greater 
willingness to pay among higher income individuals; while female respondents also 
expressed increased willingness to pay for parking on a university campus in 
Coimbra (Portugal) (Barata et al., 2011). This latter finding could be due to 
additional factors such as a feeling among females of greater personal safety when 
parking on campus than off campus; further research would need to consider 
reasons for a difference in male and female parking preference. Willingness to pay 
was investigated by van Ommeren et al. (2011) among residents in Amsterdam, 
who found willingness to pay for on-street parking permits to be ten euros per day. 
2.5 Parking Characteristics 
    2.5.1      Parking Type  
Parking types can be categorised as ‘on-street’, ‘off-street’, ‘surface’, ‘multi-storey’, 
‘underground’, and ‘illegal’ parking places. Within each type, variations exist 
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according to private or public usage, payment and permit requirements, times of 
operation, accessibility, size, and other factors. Many individuals may not state a 
preference for a particular parking type, whereas others may have selected a 
parking place initially based on a specific type. Hunt and Teply (1993) found on-
street parking spaces were preferred by drivers to off-street parking facilities, 
possibly due to greater convenience and easier access; although employer-
provided parking was preferred over on-street parking, potentially due to having 
availability of a guaranteed space. These findings contrasted with Teknomo and 
Hokao (1997) who found the lowest usage of on-street parking compared to off-
street or multi-storey facilities; however, it is indicated the reason for this could be 
as a result of greater availability of spaces in the latter two facility types. An 
alternative focus on parking type was investigated by Nurul Habib et al. (2012), who 
found parking type choice was important to travel activity scheduling (activity start 
time, duration and location).  
    2.5.2      Parking Supply   
An important factor in parking choice and search is the supply of different parking 
types in any given area. The supply factor has been examined alongside parking 
demand in several studies. For instance, the significance of parking supply in 
meeting demand was highlighted by Shang et al. (2007), who found a parking 
supply shortage created overspill on-street parking. Lam et al. (1998) and Lau et al. 
(2005) investigated existing parking supply in Hong Kong, in order to predict future 
parking demand and enable strategic parking management. Also as a means of 
assisting in development of a parking management strategy, Li et al. (2008) 
modelled parking supply and demand interaction under stochastic spatial and 
temporal networks; while Bifulco (1993) and Coppola (2002) simulated parking 
supply and demand of different parking types. The need to make optimal use of 
parking supply to fulfil demand concerned Dirickx and Jennergren (1975), who 
modelled driver assignment to specific parking types to optimise utilisation of 
parking facilities. The influence of parking supply was investigated among drivers 
without a guaranteed parking space travelling into Sydney (Australia) CBD (Hensher 
and King, 2001); the findings indicated parking supply restrictions encouraged 
parking relocation within the CBD. Both parking capacity (number of parking 
spaces) and parking rationing (varying parking durations or the number of parking 
spaces allocated to specific user-groups) are considered important elements of 
supply (Bagloee and Asadi, 2013). Furthermore, to enable parking supply to 
respond effectively to desired demand patterns as part of a transport demand 
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management strategy, providing parking availability in ‘hours’ rather than ‘spaces’ 
would enable variance in supply levels (Salomon, 1986).  
The integration of parking management with wider transport policy was emphasised 
by Vianna et al. (2004), who highlighted the importance of maintaining parking 
supply and demand equilibrium, due to the impact that factors such as time spent 
searching for a parking space and parking turnover had on the transport system as 
a whole. Similar emphasis on the interaction between parking management and the 
wider traffic network was investigated by Coppola (2002), through development of a 
joint travel mode and parking choice model which examined interactions between 
parking supply and demand, to demonstrate how individuals’ travel mode choice 
was influenced by parking policy. Indicating a similar emphasis on parking 
equilibrium, Bifulco (1993) developed supply and demand models which 
incorporated behavioural influences in order to highlight the interaction between 
several parking choice factors, including search time. An alternative simulation 
approach has been applied by Gallo et al. (2011), who modelled parking choice 
alongside the impact of parking search on traffic congestion levels and suggested 
examining parking supply and demand in order to improve model performance.  
    2.5.3      Parking Capacity (Size)  
Parking capacity is related to supply in that it determines the amount of parking 
available; larger car parks typically possess increased capacity, which may be an 
influencing factor for parking choice and search. Van der Waerden et al. (1993) 
found 74% of respondents in Eindhoven (Netherlands) city centre were not 
influenced by size when choosing a parking place; with findings indicating a 
significant negative result for car parks possessing a larger number of parking 
spaces (van der Waerden et al., 1998). However, this finding contrasted with later 
research which indicated an increasing number of parking spaces (such as would 
be typically found in larger car parks) increased parking utility (van der Waerden et 
al., 2008; 2010). This finding supported a much earlier study by Lambe (1969), 
which found that car parks that had smaller capacity (<50 cars) were less attractive 
to employees than were larger parking facilities.  
    2.5.4      Parking Occupancy and Turnover  
Parking occupancy describes “the number of parking places occupied” (Barata et 
al., 2011) in a specific parking facility. Some facilities experience high occupancy 
levels, resulting in frequent saturation of vacant spaces and increased driver search 
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and queue times. Contrasting this, unsaturated lower occupancy under-utilised 
parking facilities offer a continual supply of available spaces and reduce or even 
remove parking search and queuing and waiting time. Parking turnover relates to 
inflow and outflow of vehicles entering or leaving a parking place over a set time 
period (Shang et al., 2007). High turnover, as occurs in short-stay parking, 
increases the number of drivers able to park over a time period, but simultaneously 
increases the volume of traffic entering and exiting a facility, and may lead to 
congestion in the wider network locality as cars circulate or wait for a parking space 
to be vacated. Alternatively, in low turnover, long-stay parking, fewer cars arrive and 
depart; virtually eliminating searching and queuing for parking and reducing local 
congestion levels associated with parking search. Additional search time and overall 
journey time arising from encountering a saturated car park was observed by van 
der Goot (1982); while the influence on parking search time of car park occupancy 
relative to capacity was modelled by Balijepalli et al. (2009). Given that destination 
car park occupancy levels are an uncertainty at the origin departure time, and 
whether or not a parking space will be available upon reaching a destination 
remains unknown up to the point of arrival (Ottomanelli et al., 2011), it is not 
possible for an individual to plan to park in any particular parking place and be 
certain of having that expectation fulfilled. This uncertainty highlights that parking 
choice and search time cannot be accurately predicted at the journey outset. 
    2.5.5      Parking Times of Operation  
Different on-street parking places and off-street car parks present various times of 
operation during which drivers may park a vehicle, varying from very limited and 
specified times of day up to and including 24-hour availability. Thus, times of 
operation may influence the likelihood of parking search in order for an individual to 
find a parking place with times to suit their particular needs on a specific parking 
occasion. Comparing the impact of parking time restrictions against parking price 
increases in Sydney CBD, Hensher and King (2001) found price increases achieved 
greater reductions in CBD parking, by encouraging parking beyond the CBD or 
substitution of car journeys with public transport; whereas time restrictions resulted 
in parking relocation around the CBD (to avoid exposure to time restrictions) but did 
not reduce overall CBD parking. Parking time restrictions and charges were 
examined by Coppola (2002) as attributes evaluated by drivers in combination with 
other parking factors (duration, search and walk time); whereby the choice-set out of 
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alternative options considered by the individual in order to fulfil their particular utility 
would be selected. 
2.6 Individual (Trip and Personal) Characteristics 
    2.6.1     Trip Purpose  
Different trip purposes (for instance, work, personal business, shopping and social) 
are an influencing factor on parking choice and likelihood of parking search, as time 
constraints may be more significant for certain trip purposes than for others, 
meaning less willingness on the part of individuals’ to spend time searching for a 
parking space. Axhausen and Polak (1989) noted that parking search is almost 
always undertaken under a fixed time horizon arising from time constraints due to 
driver engagements or appointments; however, the level of flexibility in time 
constraints and hence in time allocated to parking search varies according to the trip 
purpose. Some studies have shown parking type choice to be related to trip purpose 
(Teknomo and Hokao, 1997; Mo et al., 2008; Yun et al., 2008); while van der Goot 
(1982) found the significance of different parking choice influencing factors varied 
according to trip purpose. Meanwhile, Chalermpong and Kittiwangchai (2008) found 
different trip purposes affected the likelihood of changing parking behaviour given 
potential parking charge increases. However, not all literature found trip purpose to 
be a parking choice influencing factor (Golias et al., 2002). Furthermore, Thompson 
et al. (1986) found PGI utilisation varied according to trip purpose; commuters 
required less PGI on waiting times and car park locations, compared to shoppers 
who needed both types of information, and business-users who required parking 
directions. Tourists were found to be the most likely trip purpose users utilising PGI 
to influence parking choice (Thompson and Bonsall, 1997), particularly if possessing 
limited knowledge of parking options and having no specific end destination. 
    2.6.2     Parking Duration 
Parking duration is concerned with the length of time for which individuals intend to 
park on any one specific trip and is an influencing factor of parking choice, parking 
search, and, indeed, travel decisions, as shown by Coppola (2002), who found 
higher parking charges arising from longer duration parking prompted individuals to 
transfer from car use to alternative transport modes. This increased the availability 
of previously occupied parking places, resulting in reduced search times for short 
and medium-duration parking. Dirickx and Jennergren (1975) investigated how 
parking duration could be effectively used to manage parking supply and demand in 
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former West Berlin (Germany). It was found that optimal utilisation of parking 
facilities would be achieved by assigning longer-duration parkers to private 
(employer-provided) parking facilities and ‘park houses’ (multi-storey car parks), 
while short- and medium-duration users would be assigned to on-street spaces and 
public surface car parks. Preference for on- or off-street parking was investigated by 
Golias et al. (2002), who examined parking duration, parking charges, search and 
egress time, and found an increased preference for off-street car parking as parking 
duration lengthened; a finding explained by more favourable off-street parking 
charges and heightened security measures, which were thought to be of less priority 
for short-duration parkers (Golias et al., 2002). Kobus et al. (2012) examined the 
hypothetical influence of parking duration for on- or off-street (multi-storey) parking 
choice, and found where on- and off-street parking was equally priced parking 
duration did not influence choice. However, where on-street parking was free or 
priced lower than off-street parking, individuals wanting to park for longer durations 
reacted more strongly to price changes than those parking for shorter durations. 
Similar findings by Tsamboulas (2001) indicated that longer-duration parkers 
reacted negatively to increased parking charges, due to a higher total parking cost 
for longer parking duration. Parking duration in relation to search time for on-street 
parking spaces has been investigated by Shoup (2006), who found longer duration 
parking requirements increased search times for on-street parking. Similar findings 
by van Ommeren et al. (2012) also indicated longer parking duration increased the 
search time for on-street parking.  
2.6.3     Previously Visited Car Parks and Travel Time to Parking    
             Alternatives  
Two potential, but under-researched, parking choice and parking search influencing 
factors are the number of previously visited car parks per trip occurrence, and the 
perceived travel time to alternative parking facilities. Van der Waerden et al. (1993) 
investigated the influence of these variables on waiting and search time and found 
individuals showed decreasing likelihood of waiting and searching with an 
increasing number of previously visited car parks. By contrast, travel time to parking 
alternatives had less significance on waiting time, search time, and parking choice 
(van der Waerden et al., 1993). 
    2.6.4     Immediately Preceding Route Choice  
Immediately-preceding route choice makes selection of a specific parking place 
more (or less) likely, depending on the proximity of a parking place to the trip origin. 
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This was demonstrated by Bonsall and Palmer (2004), who included immediately-
preceding route choice as an influencing factor and found the performance of a 
parking choice simulation model improved. Individuals’ route choice determined the 
order in which parking facilities were encountered, from which individuals evaluated 
the (dis)utility of each car park based upon individual parking preferences. 
    2.6.5     Parking Habit  
Parking habit formed after repeated visits to areas may reduce the influence of other 
parking choice factors. Initially important factors to drivers may have been sub-
consciously replaced; instead of thinking rationally about the utility and disutility of 
specific parking places or trip decisions, drivers may have started to act 
automatically following previous behaviour (Aarts et al., 1997; Verplanken et al., 
1998). For instance, van der Waerden et al. (2014) found that drivers regularly or 
often chose the same parking facility when visiting a CBD and that they described 
themselves as being highly habitual. In a model investigating parking choice, 
Bonsall and Palmer (2004) found that drivers possessing familiarity with the local 
area and likely parking options frequently chose to park in a car park that had been 
used for prior trips; indicating that a parking habit had developed over time.  
    2.6.6     Familiarity with Local Area and with Parking Places  
A potentially important parking choice influencing factor is drivers’ familiarity with a 
local area and associated parking places. Constructed from past experience of 
parking search, familiarity gives individuals a knowledge base from which to 
evaluate attributes and the (dis)utility of available parking options (Khattak and 
Polak, 1993). However, Thompson and Richardson (1998) found the effect of 
parking experience from repeated journeys did not significantly influence parking 
choice; although, due to increased knowledge of parking availability and vehicle 
departure rates, waiting times reduced considerably. Despite drivers’ familiarity with 
a local neighbourhood, parking awareness may remain limited to a few parking 
facilities, as demonstrated by findings in Edinburgh (Scotland), in which 33% of 
respondents were unable to correctly state the number of car parks located in the 
city centre; with just 3% correctly identified the number as nineteen (Rye et al., 
2008). Similarly, Cools et al. (2013) investigated drivers’ parking familiarity in the 
locality of a shopping centre in Hasselt (Belgium) and found varying levels of 
parking place familiarity among user-groups. Meanwhile, van der Waerden and 
Timmermans (2014) found that drivers were not familiar with all available parking 
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facilities located within the vicinity of a shopping destination; the most influential 
attributes that indicated familiarity with a parking facility were the ‘chance of finding 
a free parking space’ and the ‘distance to supermarket’. Meanwhile, Bonsall and 
Palmer (2004) incorporated varying levels of driver familiarity and local knowledge 
into a parking choice model and found absence of familiarity with the locality and 
parking places created random individual pre-trip and route choice parking 
decisions (Bonsall and Palmer, 2004). Similarly, Waterson et al. (2001) incorporated 
drivers’ network familiarity as a factor and demonstrated a difference in PGI 
utilisation between drivers who were familiar (or unfamiliar) with the local road 
network; unfamiliar drivers placed greater importance on PGI.  
    2.6.7     Trip and Parking Frequency  
The number of occasions an individual may be required to travel to and park within 
a particular locality may influence initial and subsequent parking choice and search. 
This may be a result of increasing familiarity with an area and perceived parking 
availability or due to rising accumulative parking costs over repeat visits. Research 
conducted on trip and parking frequency found frequent car use increased familiarity 
with free-of-charge car parks (Cools et al., 2013); however, Golias et al. (2002) 
found trip frequency did not affect parking choice. PGI, meanwhile, was less utilised 
by frequent travellers to an area; instead drivers used parking knowledge gathered 
from prior trip experience (Thompson and Bonsall, 1997). Similarly, Thompson et al. 
(1986) found high-frequency travellers to an area were less likely to require 
information on waiting times and location of car parks. Furthermore, frequent visitors 
were less likely to change parking behaviour or travel mode when parking charges 
were introduced (van der Waerden et al., 2006); with high-frequency travellers 
accepting parking price increases out of necessity of having to travel to a 
destination (Tsamboulas, 2001).  
    2.6.8     Perception of Vehicle Security and Personal Safety within Parking  
                 Places  
Individual perception of personal safety and vehicle security as a parking choice and 
parking search influencing factor has been investigated. Caicedo et al. (2006) found 
60% of respondents (79% of female respondents) considered safety and security 
when deciding on which level to park within a multi-storey facility. Extending from 
the micro-scale of a single parking facility Ji et al. (2007) found safety to be the 
second most important parking choice influencing factor after egress distance from 
a car park to a desired destination, with underground car parking perceived as most 
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safe. Meanwhile, Teknomo and Hokao (1997) found differences in the importance of 
security stated by users of on-street or off-street/multi-storey car parks, with off-
street parking facility users highlighting security as the most important factor.  
     2.6.9     Personal Value of Time   
Personal value of time is difficult to measure with any level of certainty. Therefore, 
to take into account imprecise values of time which may not have been perceived as 
the same by each individual, but to recognise the importance of this factor to 
parking search, Dell’Orco et al. (2003) and Ottomanelli et al. (2011) specified 
personal value of time as a fuzzy number within a parking choice model. Similarly, 
where values of time were unknown, Anastasiadou et al. (2009) suggested applying 
a contingent valuation method to assess willingness-to-pay for parking. Shoup 
(2006), meanwhile, predicted individuals would have been more likely to search for 
parking if drivers placed a low value on personal value of time. By expressing value 
of time as a monetary value Ergun (1971) found individuals would walk further from 
a parking place to a destination if savings were greater than a personal value of 
time. 
2.7 Socio-Economic Characteristics 
    2.7.1      Sex of the Individual  
Individuals’ sex is a socio-demographic factor investigated as potentially influencing 
parking choice. The significance of this variable has been highlighted by Salomon 
(1986), who found differences between males and females in Jerusalem (Israel) in 
the amount of search time undertaken; females searched for 20% less time than did 
males. This contrasted with Golias et al. (2002) who found an individual’s sex did 
not influence parking choice, although it was noted that this factor may be indirectly 
included within cost and time factors. Meanwhile, other literature has reported 
differences in parking choice behaviour attributed to individuals’ sex. Tsamboulas 
(2001) found males were more likely to accept a parking charge increase than were 
females; a finding supported by Mo et al. (2008) that females were more likely than 
males to consider parking charges as one of the most important factors in choice of 
parking place; possibly implying a greater sensitivity among females to parking 
price. Mo et al. (2008) found males were more likely to park for short durations (<1 
hour) than were females, although both sexes parked most frequently between 1 
and 3 hours. This contrasted with Salomon (1986), who found females working in a 
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CBD were more likely to park for shorter durations than were males (possibly due to 
part-time employment), although no difference in parking duration was found 
between male and female employees who were not employed in the CBD. 
Meanwhile, Fletcher (1995) found males were significantly more likely to illegally 
park in spaces reserved for disabled users. Again, this contrasted with Salomon 
(1986) who found females reported higher rates of ‘delinquent’ parking, which 
comprised not using parking cards (tickets). Regarding awareness, understanding, 
and usage of PGI, wide variation according to individuals’ sex has been found 
(Thompson et al., 1986; Thompson and Bonsall, 1997); with Liu et al. (2011) finding 
greater awareness of PGI among females.  
    2.7.2     Age of the Individual  
Tsamboulas (2001) found that different age groups demonstrated behaviour which 
was distinct from other age groups when faced with increased parking charges. This 
was supported by Anastasiadou et al. (2009), who found older respondents were 
less willing to pay for parking. Van der Waerden et al. (2006) found that older and 
younger (but not middle-aged) respondents were more likely to transfer to a 
different transport mode if asked to pay for parking. Shiftan and Burd-Eden (2000) 
found younger individuals were more likely to change travel behaviour in response 
to parking restrictions such as increased parking charges or reduced parking 
availability. Illegal parking in spaces reserved for users with disabilities was found to 
be significantly related to age (Fletcher, 1995). Teknomo and Hokao (1997) found 
younger drivers preferred multi-storey car parks over other parking types. In 
contrast to these findings, Golias et al. (2002) did not find age to be a significant 
factor in parking choice. However, as was noted for individuals’ sex, wide variation 
according to a person’s age was also found in awareness, understanding, and 
usage of PGI (Thompson et al., 1986; Thompson and Bonsall, 1997); with Liu et al. 
(2011) finding awareness of PGI increased with age. 
    2.7.3      Ethnicity of the Individual  
The impact of an individual’s ethnicity on parking choice appears to have been a 
scarcely researched socio-demographic factor, with the exception of Fletcher 
(1995), who investigated the significance of race (alongside sex and age) in illegal 
parking occurrences. Findings showed non-white drivers as being more likely to 
have parked illegally in spaces reserved for persons with disabilities, particularly if 
no enforcement existed for parking infringement. Further research on ethnicity, 
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parking choice and parking search is necessary to assess the potential significance 
of ethnicity as an influencing factor. 
    2.7.4      Income Level of the Individual 
Income is a socio-economic variable which influences parking choice through 
individuals’ willingness to pay and the level of parking charge personally considered 
acceptable in order to access a preferred parking place. In addition, income 
influences parking search through personal value of time, revealed by a willingness 
to spend time searching for a parking place or alternatively to take a decision to pay 
to park and thus remove the need for a potentially lengthy search time. Increasing 
willingness to pay for parking with rising income levels has been shown by Gillen 
(1977), Kuppam et al. (1998), Shiftan and Burd-Eden (2000), Tsamboulas (2001), 
and Anastasiadou et al. (2009). Income has additionally been investigated 
alongside egress time; commuters chose to pay more for parking to reduce walk 
time to a destination (Lambe, 1969); higher income individuals preferred to park 
nearer to an end destination, thereby reducing walk time (Gillen, 1977); and lower 
income employees indicated less sensitivity to increased walking distance 
(Harmatuck, 2007). Income and parking type preference have been investigated; 
Teknomo and Hokao (1997) found no difference in income level and preferred 
parking type, while Cools et al. (2013) indicated that income was related to 
increased familiarity with local parking facilities. In contrast, Golias et al. (2002) did 
not find income influenced parking choice, although it is noted this factor may be 
incorporated within other parking cost and time factors.      
    2.7.5      Education Level of the Individual   
The influence of an individual’s level of education on parking choice was 
investigated by Anastasiadou et al. (2009), who found university graduates were 
willing to pay, on average, higher parking charges than non-university educated 
individuals. Furthermore, Salomon (1986) found a negative correlation between 
individuals’ education level and parking search time; it was suggested this may have 
arisen from highly educated individuals having greater personal values of time. This 
explanation supported the positive finding of Anastasiadou et al. (2009) in higher 
education level and willingness to pay for parking, as willingness to pay for higher 
parking charges is frequently associated with reduced search times. 
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    2.7.6      Employment Status of the Individual  
Individuals’ employment status is a personal characteristic that has received little 
attention in terms of its potential to influence parking choice. While employed 
individuals may have stated different parking choices to individuals who were 
unemployed, it may have been that such preferences were influenced by factors 
related to employment such as income level, willingness to pay for parking, and time 
constraints; factors which have been more thoroughly investigated in parking choice 
research and have been earlier outlined in this chapter. 
2.8 Other Factors 
     2.8.1       Weather Conditions  
Most parking research has omitted the potential influence of weather conditions on 
parking choice and search, with the exception of Kobus et al. (2012), who found 
cold weather and rain significantly increased the likelihood of individuals choosing to 
park in a covered parking garage (multi-storey car park). The impact of adverse 
weather on individuals’ travel plans was indicated in a study by Khattak and de 
Palma (1997) who found that commuters changed their travel patterns (mode 
choice, departure time, or alternative route choice) as a result of adverse weather 
conditions. Both of these research findings demonstrated the importance of 
considering external, uncertain or uncontrollable variables alongside individuals’ 
socio-economic characteristics and physical car parking factors when investigating 
travel and parking choices. 
    2.8.2       Unobservable Preference for a Particular Parking Facility  
Notwithstanding the abundance of different factors which influence individual 
parking choice and search, Balijepalli et al. (2008; 2009) indicated the potential 
existence of a preference for a particular parking facility that could not be attributed 
to previously identified parking factors or personal characteristics. A variable was 
identified that was described as an ‘unobservable preference to car park p, if any’, 
which encompassed any factor(s) not previously identified or included within an 
investigation, but which may have had a potentially significant influence on parking 
choice. 
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2.9 Conclusion 
This chapter has identified, from the literature in which parking search has been 
investigated, numerous and frequently inter-related factors that have been found to 
have influenced drivers’ on-street parking search behaviour and the length of search 
time undertaken. For clarity and ease of understanding, the author of this thesis has 
grouped similar types of factors into a small number of categories, using the 
following classifications: time-related factors (described in section 2.2), price-related 
factors (detailed in section 2.4), individual (trip and personal) characteristics 
(highlighted in section 2.6), socio-economic characteristics (outlined in section 2.7), 
area-wide factors (covered in section 2.3), and physical car parking characteristics 
(described in section 2.5). Distinct factors encompassed within each of these 
categories have been identified in the literature as having influenced the likelihood 
of parking search occurring and having affected the length of parking search time 
undertaken by individual drivers on any particular trip. References to the literature in 
which each distinct factor has been examined have been included throughout this 
chapter at the point at which each factor has been identified.  
The literature has, therefore, successfully identified in total circa forty different 
factors that potentially influence parking search time from the perspective of drivers 
who are undertaking a search for an on-street parking space. However, it is 
apparent from the literature that, since this number of factors has not been 
examined together in one research investigation (with typically between only four 
and six factors having been researched at any one time time), the effect on parking 
search time of combinations of selected factors when investigated alongside other 
factors has not been explored. In order to address this important gap in knowledge, 
a more in-depth understanding of parking search has been established in this thesis 
by undertaking an investigation of a greater number of non-correlated factors 
perceived as potentially having an effect on parking search time. In addition to 
selected factors investigated in the literature that have indicated importance in 
influencing parking search time, such as walk time and the pricing of parking, this 
research has included additional factors that, despite having been investigated in 
research into travel behaviour, have rarely been examined in earlier studies of 
parking search, such as habit and weather. Furthermore, new factors that had not 
been examined in the literature have been developed and included in this thesis; 
these include, the time of arrival at a parking place and area type. All of these 
factors have been utilised within the on-street parking survey in order to collect 
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comprehensive primary data which will be analysed using a statistical modelling 
technique.  
In addition to investigating an extended range of factors, including several new 
factors, it was identified in the literature that much of the earlier parking search 
research comprised a primarily non-European (largely American) focus. Very little 
research identified in the literature had been undertaken within the UK; hence this 
represented a considerable gap in knowledge and provided an opportunity for 
research to be undertaken that investigated parking search occurring within a UK 
context. Furthermore, having reviewed the literature in which parking search had 
been investigated, it became apparent that earlier research had focused on the 
factors influencing parking search solely from the perspective of individual drivers 
who were attempting to locate a vacant parking space. This exclusive focus omitted 
an exploration of the views of policy makers who had responsibility for developing 
and implementing parking and transport policy and whom, therefore, might 
reasonably have been supposed to hold different viewpoints about parking search. 
Therefore, this gap in knowledge provided an additional opportunity for this thesis to 
examine parking search from the perspective of parking policy makers within local 
government authorities, through the undertaking of qualitative interviews with senior 
Council Officers.    
This chapter has focused solely on highlighting and explaining the various factors 
that have been identified in the literature as influencing parking search time. 
However, whilst reviewing the literature for the various factors that affected parking 
search time, it was found that no single defined research approach to data collection 
and analysis had been applied. Therefore, Chapter 3 will examine the literature from 
the perspective of exploring the data collection methods and modelling approaches 
that have been applied in parking search research. This will enable methodological 
and modelling gaps in the literature on parking search to be identified that can 
subsequently be addressed during the undertaking of this research investigation. 
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3.1 Introduction 
The previous chapter has outlined the most important factors that have been 
reported in the literature as having influenced parking search time. Research into 
aspects of parking search has been conducted utilising various data collection 
approaches dependent upon the aim and objectives of each study and available 
resources. The findings have been analysed by developing and applying different 
statistical models according to the data that has been collected and the research 
questions being investigated. This chapter details the various approaches to data 
collection and analysis; commencing with different methods, before describing four 
types of modelling techniques that have most often been applied to research in 
parking search.  
3.2 Data Collection Approaches in Parking Search  
Three core areas of parking search research have been identified by Polak and 
Axhausen (1990) and Polak and Vythoulkas (1993). These areas have focused on: 
 Theoretical and modelling issues 
 Behavioural issues 
 Traffic flow issues 
These will now be explained in more detail. 
     3.2.1       Theoretical and Modelling Issues  
Modelling of the parking search process presents challenges around the integration 
of parking search into network-based (traffic assignment) transport modelling 
approaches, since such conventional approaches are typically not able to 
distinguish between movements for access or those for parking. The importance of 
incorporating parking search into local traffic assignment models is due to the 
influence of parking search on drivers’ local route choice. More inclusive and 
thorough modelling could therefore be achieved by extending the conceptual 
framework of parking search to explicitly link search with other aspects of travel 
behaviour and transport system performance. Another investigative aspect would be 
the modelling of the process of parking search, in order to investigate the 
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relationship between various parking search parameters comprised of particular 
factors that are perceived to have influenced parking search behaviour (for instance, 
walk time, number of parking places visited on the same trip) that are specific to the 
parking search context. Driver characteristics could also be investigated to enable 
segmentation of the population in terms of parking search behaviour. 
     3.2.2       Behavioural Issues 
Modelling of behavioural processes that underlie parking search decisions is 
concerned with examining drivers’ attitudes to risk and uncertainty, spatial 
perception and use of traffic and parking information. Research focusing on 
behavioural issues of parking search could comprise an investigation of the 
behavioural characteristics of parking search decisions. These would include: 
drivers’ routines and strategies, stability or variability in parking search behaviour, 
decision making and strategy switching if search failed and did not result in a driver 
successfully locating an available parking space that met their requirements on that 
specific driving occasion. Another element of behavioural issues of parking search 
research could involve research into parking search behaviour and parking issues in 
relation to a traffic network. This could incorporate interactions between parking, 
network capacity and traffic flow; for instance, investigating the effect of parking 
search on driving behaviour, such as the identification of parking search key 
decision points within a network and the influence of network layout and prevailing 
traffic conditions on a driver’s parking search decisions. A further area of research 
would be to understand the influence on parking search of drivers’ prior knowledge 
of traffic network and parking contexts alongside favourable (or, alternatively, 
unfavourable) past experiences of having undertaken parking search. Furthermore, 
obtaining an understanding of the influence of information that had been supplied to 
drivers through information systems (in the form of highway signs, leaflets or 
broadcasts) that highlighted traffic conditions, parking capacity and availability. 
    3.2.3       Traffic Flow Issues  
This area of research is important since parking search could potentially be 
considered as affecting local area traffic flow and congestion in urban areas. 
Research is needed in order to provide empirical evidence of the level of parking 
search and its impact on traffic flow and urban congestion, in order to justify policy 
interventions aimed at reducing parking search. Research would therefore be 
concerned with investigating and quantifying the amount of parking search that 
occurred in urban areas and the level of additional travel time and distance travelled 
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that was related to vehicles searching for parking. Further examination could 
comprise how parking search affected traffic flow including, for instance, the level 
and extent of traffic congestion associated with parking search and whether such 
congestion that arose featured in a local or a wider spatial context. 
3.3 Data Collection Methods 
Polak and Axhausen (1990) identified many and varied behavioural and traffic 
survey data collection approaches that had been applied within research 
investigating parking search. The identified data collection methods comprised the 
following:  
 Driver interviewing;  
 Individual driver’s log;  
 Revealed Preference (RP) survey;  
 Stated Preference (SP) survey;  
 Combined RP and SP survey;  
 Computer-based laboratory simulation;  
 ‘Park and Visit’ survey;  
 Vehicle following survey;  
 Aerial observation;  
 Registration plate matching.  
These data collection techniques have been described in more detail below and are 
further outlined in Table 3.1. Each approach has been indicated alongside identified 
advantages and disadvantages of each method. Specific research studies in which 
each technique had been applied have been highlighted.  
    3.3.1       Driver interviewing  
This technique comprises in-depth interviews (typically) of drivers on an individual or 
group basis using an unstructured or semi-structured questioning style. The 
interviews are conducted at length to enable thorough and detailed responses to be 
elicited. This data collection approach is useful at an exploratory stage of research 
in order to investigate the attitudes, views and perceptions of drivers, which can be 
latterly utilised as a means of generating hypotheses. These hypotheses can 
subsequently be tested through other methodological techniques later in the 
research. May and Turvey (1984) used an in-depth interviewing technique with local 
business owners prior to undertaking research applying three other methods (‘park 
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and visit’, vehicle following and registration plate matching). This enabled data to be 
collected on:  
 the number of employees and vehicles connected with the business (staff 
cars); 
 supplier activities and the timing and location of deliveries’ off-loading; 
 an estimate of daily customer numbers; 
 the perception of traffic and parking problems affecting the business; 
 quantification of the importance of on-street parking to the business; 
 an opinion on the potential resulting impacts on the business if stricter on-
street parking control and enforcement measures (wheel-clamping) were 
implemented. 
    3.3.2       Individual driver’s log  
In this approach, drivers are contacted either on-street or at home and asked to 
record aspects of their parking search behaviour over a specified time period (for 
example: one week; one month). Drivers are given pre-printed forms on which are 
listed the required elements on which they are being asked to report, for instance: 
estimated search time and walk time; the route they drove on a particular trip; and 
the characteristics of their chosen parking place. This approach was used by Lorenz 
(1990) and is a technique that is able to provide information on: 
 subjective estimates of search time; 
 choice of route; 
 characteristics of selected parking place; 
 walk time to a destination from a chosen parking place. 
     3.3.3       Revealed preference (RP) survey  
This type of survey is an often used technique in parking search research and is 
typically undertaken with drivers who have parked their vehicles on-street and are 
leaving or returning to their vehicles. The RP questionnaire survey is typically short 
in both number of questions and the duration required in which to answer them, and 
comprises a structured question and answer format. On some occasions, further 
comments may be asked for; however, most RP surveys aim to obtain quick 
answers from drivers using pre-prepared questions and a designated (multiple) 
choice of responses. RP surveys enable collection of data comprising drivers’ 
subjective perceptions of travel time information and parking availability, in addition 
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to individual socio-economic details. While RP surveys are useful in providing data 
on current patterns of individuals’ travel and parking behaviour and decisions, they 
do not offer respondents a choice of hypothetical situations from which future 
behaviour could be predicted. Van Ommeren et al. (2012) applied this technique to 
collect the following data: 
 search time for a parking space for one particular trip; 
 socio-economic factors, such as sex, age and income; 
 other trip factors, for instance, duration of the car trip (excluding search 
time), arrival time at a destination and number of passengers; 
 parking supply factors, for example, the price of various types of parking. 
    3.3.4       Stated preference (SP) survey  
This survey technique entails a questioning style that utilises a series of hypothetical 
scenarios. Drivers are asked to select an option from the several assorted choices 
presented to them for each question or decision context. Each choice requires a 
comparison between the different options available in terms of travel and parking 
characteristics; the characteristics of the alternatives presented to the individuals 
are systematically varied. The chosen options by the drivers are measured either as 
an expression of preference or as an absolute choice. These are subsequently 
analysed and from the results an estimate of the relative importance awarded by 
individuals to each attribute is obtained. Several authors have utilised a stated 
preference survey technique in parking research (e.g. Axhausen and Polak, 1991; 
Golias et al., 2002; Hess and Polak, 2004; Lam et al., 1998; Lau et al., 2005; Shiftan 
and Burd-Eden, 2000 and van der Waerden et al.,1993). The data collected from 
these studies incorporated individuals’ responses to hypothetical scenarios and 
included elements such as: 
 socio-demographic factors; 
 aspects of search behaviour; 
 other trip characteristics such as: waiting behaviour; trip purpose; walking 
time from a parking place to a final destination; duration of parking;  
preference for a particular parking type and trip frequency; 
 individuals’ views on parking illegally. 
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    3.3.5       Combined revealed preference (RP) and stated preference (SP)   
                   surveys  
As suggested by the heading, this approach combines both RP and SP surveys in 
order to investigate and more fully understand drivers’ parking search behaviour. A 
combined survey approach would typically commence with RP questions, from 
which drivers’ subjective views on their actual parking search behaviour would be 
elicited. Following the RP questions, the survey format would transform into the 
presenting of hypothetical SP scenarios to drivers; thereby enabling an insight into 
individuals’ potential future parking search behaviour to be obtained. Two studies 
which applied a combined RP and SP approach were Tsamboulas (2001) and 
Bradley and Layzell (1986) who collected data such as: 
 search time; 
 drivers’ socio-demographic characteristics; 
 supply related factors, for example, parking price 
 trip related factors, for instance, walking time, trip purpose, parking duration, 
trip frequency, distance travelled and travel time; 
 type of parking used by drivers, including illegal spaces; 
 individuals’ decisions around alternatives if first choice of parking place was 
unavailable. 
     3.3.6       Computer-based laboratory simulation  
This approach extends the previously described stated preference technique by 
utilising travel and parking laboratory simulations to visually present drivers with 
various choice options within each stated preference hypothetical scenario. In 
addition, graphics, animation and video can be used to simulate and present to 
drivers a series of real-life scenarios, such as various visually displayed traffic 
networks, in order to investigate individuals’ travel and parking decisions and 
behaviour when presented with different network characteristics. An Urban Driving 
Simulator (UDS) (Leiser and Stern, 1988) is an example of a computer-based 
laboratory simulator that required an individual to simulate driving along various 
routes indicated on a screen, while encountering and negotiating junctions and 
traffic lights. The research enabled data collection that defined and measured the 
effects of environmental stimuli on subjective time estimates in urban driving. This 
approach is able to provide data on: 
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 individuals’ travel and parking decisions such as route choice and alternative 
parking choices if first choice option is not available;  
 behaviour around (simulated) traffic junctions, at traffic lights, and other 
network characteristics; 
 reaction to uncertainty, risk and unfamiliar surroundings. 
     3.3.7       ‘Park and visit’ survey  
A ‘park and visit’ technique requires a vehicle to be driven within a research area 
(typically driven by a researcher, not by a randomly selected driver from the general 
population) from a given starting point to a selected address (end destination) and 
the time taken to locate a vacant parking space is monitored, in addition to the time 
taken to walk from the parking space to the desired destination. This approach 
requires a driver to use initiative and knowledge of an area to search for a parking 
space. In some instances, the time taken in which to park a vehicle within a parking 
space and to drive it out of a space, after having successfully parked it, is 
additionally recorded. A ‘park and visit’ technique was applied by May and Turvey 
(1984). Drivers were asked to drive to four chosen destinations within a research 
area and attempt to locate a parking space on each occasion that fulfilled one of 
three criteria. These criteria were based upon a classification of parking spaces as 
being ‘acceptable’, which were defined as: 
 the nearest conceivable on-street space for a short-duration stay; 
 the nearest reasonable (illegal) parking space which could comprise a 
disabled space or a resident’s space, for example; 
 the nearest available long-duration space. 
Data collected from the May and Turvey (1984) study comprised: 
 the time and mileage of each vehicle recorded at the passing of each start 
point, each end destination and when passing the three types of parking 
space; 
 the search time for each type of space; 
 the walking time from each space to an end destination; 
 the number of available parking spaces that were passed before a space 
was chosen. 
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     3.3.8       Vehicle following survey  
This approach is similar to a ‘park and visit’ survey in that it involves the monitoring 
of parking search from within a vehicle. However, a vehicle following survey differs 
in that it comprises the following (by a researcher driving another vehicle) of a 
randomly sampled vehicle within a specified research area from a given point until 
the vehicle is parked. The aim of this data collection technique is to gather 
information on actual routes taken by drivers who are searching for parking, in 
addition to recording an objective search time. Data regarding the type and number 
of available parking spaces rejected by a driver can also be gathered. Furthermore, 
this technique may be combined with a revealed preference survey, from which 
subjective insights about the choices made can be obtained. A vehicle following 
survey was conducted by May and Turvey (1984) using Black London taxis, which 
entered the traffic flow immediately behind randomly sampled vehicles. Vehicles 
were individually followed until one of the following circumstances occurred: 
 the vehicle being followed stopped adjacent to a kerb to pick-up or drop-off a 
passenger; 
 the vehicle being followed parked at an on-street or off-street parking place 
and the driver departed; 
 contact with the vehicle was lost; 
 the vehicle crossed over the boundary of the research area. 
Using this method, data was collected on: 
 the exact route taken by a vehicle searching for parking; 
 the type of parking selected (for instance, short-stay, long-duration or illegal); 
 the exact location of all the start points and junction timings;  
 the length of search time for each vehicle; 
 the reason for ending the vehicle following in each instance (for example, 
parked off-street, parked at a meter, contact lost, and so on); 
 the weather conditions at the time of the survey; 
 the nationality of the vehicle registration; 
 the sex of the driver. 
A difficulty with this approach is that several of the vehicles selected to be followed 
may not actually be undertaking searching for parking and hence may be through 
traffic that travels beyond the research area or residents who park in a designated 
parking space or their own driveway. This creates many vehicle following 
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occurrences which do not result in collecting the necessary data on parking search. 
This approach is therefore extremely time consuming, given that many of the 
vehicles that are initially followed may not result in data collection. 
    3.3.9       Aerial observation  
Aerial observation using time-lapse or video cameras is a technique that enables 
the objective monitoring of vehicles within a research area as drivers search for 
parking spaces. This approach is also able to record characteristics of parking 
places, for instance, the occupancy and turnover of parking spaces. The data from 
these recordings could subsequently be compared to the level and process of 
parking search that was undertaken; thereby increasing understanding of the 
importance of particular supply factors (such as occupancy and turnover) in 
affecting individuals’ parking search decisions. Aerial observation would be further 
enhanced if supplemented by individual driver revealed preference surveys as a 
means of providing a subjective explanation of the parking search decisions that 
had been observed. Salomon (1986) used a type of aerial observation in the form of 
photographs taken from high-rise buildings of parking facilities and on-street parking 
places in order to obtain data parking space turnover. This approach therefore 
offers the potential for collecting data on: 
 search time; 
 route choice; 
 parking supply characteristics, for instance, occupancy and turnover; 
 other trip and parking characteristics, such as number of parking places 
passed before selecting a space and type of parking place. 
    3.3.10       Registration plate matching  
This technique involves tracking the movements of vehicles searching for parking 
within a research area by matching the registration plate numbers of different 
vehicles at various points along the traffic network and with records of parked 
vehicles. This approach was applied by May and Turvey (1984) with a team of 
twenty researchers who were responsible for observing and recording registration 
numbers of vehicles at specified points along a network, including at junctions 
where vehicles were able to choose different directions in which to proceed. The 
data collected using this technique comprised: 
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 vehicle registration numbers; 
 numbers of vehicles searching for parking; 
 search time of individual vehicles. 
This section of the chapter has outlined the data collection methods which have 
been described in the literature as having been applied to parking search research. 
A selected research approach to investigate parking search is chosen according to 
resource (time and cost) considerations and the data analysis (statistical modelling) 
technique which is to be applied. The most frequently utilised parking search data 
collection method was identified in the literature as being either Revealed 
Preference (RP) or Stated Preference (SP) on-street questionnaire surveys that 
were conducted with drivers as they departed from or returned to their vehicles. 
Surveys typically comprised either RP questions, for example, ‘What time did you 
park here today?’, or SP questions, for instance, ‘What is the most you would pay 
for one hour’s parking?’. On some occasions a combination of both question types 
was applied, commencing with a RP question, such as, ‘How much did you pay to 
park for three hours today?’, followed by a SP question, for example, ‘What is the 
most you would pay to park in this parking place for three hours?’. Several choice 
options would have been provided, from which respondents would have been 
required to select the most appropriate answer according to their particular views. 
Further to the variety of data collection approaches that have been described in this 
section and displayed in Table 3.1, a similar, although narrower, choice of modelling 
approaches have been applied to parking search. These will be outlined in the next 
section. 
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Table 3.1: Advantages, disadvantages and examples of application of data collection methods to parking search 
Data collection method Advantage(s) Disadvantage(s) 
Examples of 
application 
Driver Interviewing  
(at length, either individually or 
in groups using unstructured or 
semi-structured questioning)  
 
 Useful during exploratory stage for generating 
hypotheses through discussion of drivers’ 
attitudes and perceptions. 
 Resource intensive (time taken and cost of 
Interviewer time); 
 Subjective driver perception (not objective 
observation of parking search behaviour); 
however a combined methodology of vehicle 
following and driver interviews reduces subjective 
driver perception occurring with sole reliance 
upon driver surveys.  
May and 
Turvey (1984); 
 
Polak and 
Axhausen 
(1990) 
Individual Driver’s Log  
(to record aspects of search 
behaviour)  
 
 Obtains detailed information of the search 
behaviour of individual drivers. 
 Depends upon accurate and reliable recording on 
the part of each driver. 
Lorenz (1990); 
Polak and 
Axhausen 
(1990) 
Revealed Preference Survey  
 
 Are typically brief in duration; 
 Enables collection of subjective estimates of 
parking search time.  
 Subjective; 
 Does not enable more in-depth questioning of 
search strategies.  
Polak and 
Axhausen 
(1990);  
Van Ommeren 
et al. (2012) 
 
Stated Preference Survey   The ability to focus on specific attributes of 
interest in a controlled setting, providing the 
opportunity to analyse particular factors at a 
disaggregate level; 
 Can be useful for predicting individuals’ likely 
future behaviour under conditions determined 
by varying the input of specific parking factors; 
 By requiring respondents to “express a choice 
amongst two or more hypothetical alternatives 
characterised by a range of relevant 
variables”,  by systematically varying the 
 The presence of unobservable factors specific to 
individuals that may create preferences for 
particular choices, leading to biased response in 
favour of certain alternatives; 
 Can be difficult to present realistic hypothetical 
scenarios and for respondents to visualise 
themselves in scenarios, leading to responses 
inconsistent with actual behaviour. 
Axhausen and 
Polak (1991); 
Bates (1988); 
Golias et al. 
(2002); 
Hess and 
Polak (2004); 
Lam et al. 
(1998);  
Lau et al. 
(2005); 
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characteristics of alternatives given to 
respondents, estimates of relative attribute 
importance can be obtained  
Polak and 
Axhausen 
(1990); 
Shiftan and 
Burd-Eden 
(2000);  
Thanos et al. 
(2011); 
Van der 
Waerden et al. 
(1993)  
Combined Revealed 
Preference and Stated 
Preference Surveys  
 
 Enables comparisons between individuals’ 
actual parking search behaviour and potential 
behaviour according to hypothetical parking 
scenarios under differing conditions. 
 Surveys take longer to complete due to greater 
time to allow respondents to consider different 
hypothetical scenarios; 
 For SP surveys it can be difficult to present 
realistic hypothetical scenarios and for 
respondents to visualise themselves in 
scenarios. 
Bradley and 
Layzell (1986);  
Polak and 
Axhausen 
(1990); 
Thanos et al. 
(2011); 
Tsamboulas 
(2001) 
Computer-based Laboratory 
Simulation (to investigate 
driver behaviour under various 
conditions)  
 
 Scope for testing the impacts of new parking 
policy measures such as parking guidance 
systems. 
 Development of a simulation environment could 
be costly. 
Horni et al. 
(2012); Leiser 
and Stern 
(1988); 
Polak and 
Axhausen 
(1990) 
‘Park and Visit’ Survey  
(a car is driven from a given 
point to a chosen address and 
the time to locate a vacant 
parking space is recorded)  
 
 Efficient 
 Provides useful estimates of search time. 
 Only the search behaviour of test drivers is 
observed, which may be unrepresentative of the 
overall driver population and the diversity of 
parking search strategies utilised; 
 Unable to incorporate the interaction between 
driver search strategies and prior parking 
preferences within a population; 
May and 
Turvey (1984); 
Polak and 
Axhausen 
(1990) 
53 
 
 Practical considerations may mean test drivers 
are compelled to follow unrealistic search routes. 
Vehicle Following Survey 
(following randomly sampled 
vehicles from a pick-up point 
until they park)  
 
 Obtains objective information on actual 
parking search routes and search time; 
 Possibilities of gathering additional 
information such as the type and number of 
parking opportunities refused by each driver. 
 Resource intensive; 
 Difficulty in identifying which vehicles are 
searching for parking within the study area (i.e. 
vehicles that are not through vehicles travelling 
outside the study area or residents parking on 
private driveways). 
May and 
Turvey (1984); 
Polak and 
Axhausen 
(1990) 
Aerial Observation (to record 
the characteristics of stationary 
and moving traffic)  
 Provides an accurate snapshot of vehicle 
movements, parking turnover and occupancy 
within a given area.  
 Potential high cost of camera equipment to cover 
a sufficient study area; 
 Difficulty in generalising findings beyond the 
study area. 
Polak and 
Axhausen 
(1990); 
Salomon 
(1986) 
Registration Plate Matching 
(to track vehicle movements in 
a given area)  
 Low cost; 
 Simple. 
 Requires a large number of observers (which 
would offset the low cost); 
 Poor data quality in terms of parking search. 
May and 
Turvey (1984);  
Polak and 
Axhausen 
(1990) 
Further parking search research approaches that had not typically been applied but were identified in the literature are outlined below. 
Integrated Behavioural 
Framework (to represent in-
vehicle parking search, 
incorporating parking 
type/facility and route choice)  
 Includes behavioural elements of parking 
search process. 
 Obtaining an acceptable response rate from the 
population; 
 Controlling for sample reliability; 
 Identification of the parking search starting point 
from the GPS data. 
Kaplan and 
Bekhor (2011) 
Estimated the cost of parking 
search using willingness-to-
pay for a parking permit 
(offering access to a parking 
space although not 
guaranteeing a vacant space at 
the time the resident wishes to 
park) 
 Focus on parking search in an under-
researched segment (residents). 
 None specified/not available. Van Ommeren 
et al. (2011) 
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3.4 Modelling Approaches Applied to Parking Search Research 
Parking search decisions occur within a context of interaction between the amount 
of parking supply (the number of on-street parking spaces provided) and level of 
parking demand. As travel and parking demand accumulate over time this leads to 
greater parking utilisation, as shown by increased levels of parking occupancy and 
turnover of spaces. The amount of parking search activity is influenced by 
occupancy and turnover. An increase in parking search creates additional searching 
traffic as greater numbers of drivers attempt to find available parking spaces. A 
higher number of searching vehicles has an impact on the traffic flow within the 
network, thereby exacerbating congestion levels and reducing traffic speeds. 
Search is reduced when an individual’s travel costs become too great in terms of 
time lost to congestion or searching for a vacant space and there is no longer a 
utility for the driver in searching for parking. At this point, travel and parking demand 
will lessen as drivers understand the disutility of searching and choose instead to 
park in an off-street car park. Of further note, is that a driver’s expectations of the 
likelihood of needing to search for parking might affect an individual’s decisions 
about travel mode, travel time and route choice; all of which will affect travel and 
parking demand and hence the degree of parking search. These interactions are 
shown in Figure 3.1. 
Figure 3.1: The interactions of parking search  
Parking Occupancy              
and Turnover
Travel Costs
Traffic Flow within  
the Network
Parking Search Activity
Travel and Parking Demand
Additional 
searching traffic
Relationship 
between 
network speed 
and traffic flow
Disutility of 
search
Relationship between 
parking utilisation 
(occupancy and turnover) 
and search time 
Travel and parking 
accumulation over time
On-Street        
Parking Supply
 
(Adapted from Polak & Vythoulkas, 1993) 
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Parking search models need to effectively represent the relationship between 
parking supply and levels of travel and parking demand. In doing so, it is important 
to recognise that particular aspects of parking involve purely parking related 
elements; for instance, parking utilisation in terms of occupancy and turnover. In 
contrast, other parking issues; for example, a reduction in network capacity that 
might arise from on-street parking provision or from an increase in traffic volume 
comprised of vehicles searching for parking, involve interactions between traffic and 
parking. Different temporal characteristics of parking places and facilities are a 
further consideration when modelling parking search. It is important to recognise 
that off-street parking facilities and on-street parking places have a persistent stock-
like quantity that comprises daily accumulation and dissipation of occupancy. This 
daily occupancy accumulation and dissipation element should be modelled; which is 
in contrast to the modelling of a transient flow (or queue), such as that displayed in 
a traffic network. Notwithstanding the differences identified between parking 
systems and traffic networks; the existence of cross-overs have been identified 
within aspects of parking and travel behaviour, such as searching for a parking 
space in congested conditions that involve sequential decision making conducted 
over time. Such decisions about parking search cannot be made as a single choice 
since they incorporate elements of both traffic networks and characteristics of the 
parking context (Polak and Vythoulkas, 1993). 
Various modelling approaches have been developed in order to analyse parking 
search data. The next section will discuss the four most frequently applied model 
types which have been identified by Polak and Vythoulkas (1993). Table 3.2 
highlights the main advantages and disadvantages of each approach; also included 
are examples of research within which each model has been applied. 
 Discrete Choice: Parking behaviour is treated as a distinct factor affecting 
individual travel choices;  
 Network, Assignment and Equilibrium: Parking is represented as one element of 
a traffic network system;  
 Performance and Design: Microscopic simulation of traffic movements inside a 
parking facility; 
 Parking Interaction and Simulation: Based upon modifications to existing models 
and incorporating a parking system’s interactions and feedbacks. 
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     3.4.1       Discrete Choice Models   
A decision to search for a parking space or, alternatively, to accept the first 
encountered parking space, is related to choice. Individuals select a parking place 
based upon preferences formed from various personal characteristics and different 
physical features of particular parking places that are relevant to a specific journey 
at a defined day and time. This choice element has frequently led to the application 
of discrete choice models to investigate parking decisions based upon individual 
(driver) level disaggregate data that has typically been collected by means of 
revealed and/or stated preference surveys. Individuals’ choice, and hence, discrete 
choice analysis is based upon decision making from a choice set of mutually 
exclusive, collectively exhaustive, and finite alternatives presented to them (Ben-
Akiva and Lerman, 1993; Train, 2009). The selected choice is made according to a 
principle of utility maximisation in which the option that offers highest utility at any 
available time is chosen (Ben-Akiva and Lerman, 1993). It is, however, impossible 
to specify and estimate a discrete choice model that includes every possible 
alternative identified by each individual; this is in part arising from an extremely 
large potential number of alternatives, but in addition from an uncertain or unknown 
element of which individuals may be unaware but which exists to affect the outcome 
of the model. To overcome this difficulty, a random utility concept is applied, in 
which “the true utilities of the alternatives are considered random variables, so the 
probability that an alternative is chosen is defined as the probability that it has the 
greatest utility among the available alternatives” (Ben-Akiva and Lerman, 1993, 
pp.3). Discrete choice modelling techniques were initially developed to investigate 
travel mode. Since that time, discrete choice models have been applied in research 
to investigate various aspects of parking on drivers’ parking decisions in terms of 
choice and search. Areas that have been investigated include: the effect of parking 
charges (Feeney, 1989; Gillen, 1977, 1978; van der Goot, 1982; Willson, 1992); 
parking location (Westin and Gillen, 1978), parking type (including illegal parking) 
(Axhausen and Polak, 1991; Bradley and Layzell, 1986); the influence of parking 
guidance information systems (Khattak and Polak, 1993); and adaptive behaviour 
when confronted by a full car park with no vacant spaces (van der Waerden et al., 
1993). Further detail, including the equations representing discrete choice models 
can be found in Train (2009) and Hensher et al. (2005). 
Discrete choice modelling techniques have enabled the investigation of drivers’ 
attitudes towards different elements of parking characteristics and policies, for 
instance, the pricing of parking, parking control and enforcement, and walking time 
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from a parking place to a destination, among others. Using this approach also 
enables investigation and identification of the importance placed by individuals upon 
specific aspects of parking (and of travel) when evaluated against many other 
aspects of an overall trip. Discrete choice models have therefore established the 
need for parking decisions and behaviour to be investigated as an explicit travel 
decision influencing factor, which allows for the influence of parking related factors 
on drivers’ parking and travel decisions to be taken explicitly into consideration 
(Polak and Vythoulkas, 1993).  
The category of discrete model types includes other frequently referred to models in 
the literature, including: logit, generalised extreme value (GEV), probit, and mixed 
logit; of which logit are the most widely used of discrete choice models (Train, 
2009). The popularity of logit models stems from the assumption of “unobserved 
factors [being] uncorrelated over alternatives in addition to having the same 
variance for all alternatives”; however “unobserved factors related to one alternative 
might be similar to those related to another alternative”; thereby leading to 
correlation and not independence among unobserved factors (Train, 2009, pp.18). A 
similar concern related to the assumption of independence of unobserved factors 
arises when a logit model is applied to sequences of choices over time. It might 
reasonably be assumed that choices made in one period continue within future 
periods; thereby resulting in dependence among unobserved factors over time 
(Train, 2009). The logit model’s assumption of independence gave rise to the 
development of other discrete choice models. Hence, the generalised extreme value 
model allows correlation in unobserved factors among alternatives; the probit model 
permits any pattern of correlation to be accommodated; while the mixed logit model 
“allows the unobserved factors to follow any distribution. The defining 
characteristic…….is that the unobserved factors can be decomposed into a part that 
contains all the correlation…” (Train, 2009, pp.19). 
Although discrete models have been shown as being of great importance for the 
aspects outlined earlier, these model types are less useful for representing 
sequential decision making, in particular if a complex spatial context is involved. 
Such models are also of less use in forecasting future parking choices and potential 
impacts on a traffic network, especially if high levels of congestion are occurring. 
This is for reason of the models operating at an individual level and assuming that 
parking and other aspects of a system’s performance are fixed, thereby excluding 
interactions between travel demand, parking demand and network performance. In 
order to overcome these disadvantages, while still retaining the benefit of including 
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parking choice decisions within transport models, discrete choice models might form 
a component that is embedded within a broader model that takes account of 
interactions between a network and parking decisions through representation of 
sequential temporal and spatial aspects of parking (Polak and Vythoulkas, 1993).   
    3.4.2       Network, Assignment and Equilibrium Models  
Different types of model than discrete choice that have been used in travel and 
parking research are classified as traffic network, assignment and equilibrium 
models. These models were historically named traffic assignment models which 
expressed how individuals (travellers) were assigned onto a network. The models 
are based upon the concept that drivers seek to minimise individual travel cost and 
equilibrium is reached when no individual has an incentive to modify a travel 
decision (Marcotte and Patriksson, 2007). These models efficiently represent 
parking behaviour within a traffic network system by creating parking links which 
represent various elements of parking, such as search time, walk time to a final 
destination, and the actual parking activity itself. In order to represent the time spent 
by a driver in searching for a parking space, time links are added to a traffic 
assignment model that are connected at one end to an actual road network and to a 
parking link at the other end. The parking links represent parking places utilised by 
drivers and are connected to a search time link at one end and a walking time to 
destination link at the other end. Thus the time spent searching can be modelled by 
means of links that commence with entering a zone from a real road network, 
passing through a search time link to a parking link (representing a parking place), 
and ending with a walking time link to a final destination (Polak and Vythoulkas, 
1993).  
Traffic assignment models present the option to represent various parking types by 
employing different search and parking links (Lam et al., 2006a). Other variations 
include identifying various types of parking user (for instance, short- or long-stay) by 
applying multiple user class assignment techniques, by which means each driver is 
assigned to one of various parking places that minimises total driver disutility 
(Bifulco, 1993; Gur and Beimborn, 1984). As mentioned previously, an advantage of 
network models is the option of including multiple user classes. However, there are 
limitations and simplifying assumptions inherent in network modelling of parking 
search traffic that creates problems for accurate analysis and interpretation. For 
instance, driver behavioural responses to high levels of parking demand, in terms of 
the effect on a selected travel mode, choice of destination, duration of parking or 
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length of stay, and time of departure from origin are not considered. Furthermore, 
assumptions include: drivers possessing complete information on parking and traffic 
conditions (which is highly unlikely); routes and parking places chosen to minimise 
travel disutility (not always the case); artificial parking search links that reflect 
neither interaction between searching and non-searching traffic nor the impact of 
searching traffic on network congestion in a given area; and ignoring the effect of 
on-street parking on (link) network capacity and travel times, and subsequently on 
the relationship between flow capacity and travel times. In addition, for longer time 
periods, the models assume an equilibrium state within each time slice; an 
assumption which fails to accurately model trips comprised of more than a single 
time slice (Polak and Vythoulkas, 1993). 
    3.4.3       Performance and Design Models  
Performance and design models offer insights into the performance of parking 
facilities; typically to enable improvements to be made to the design and layout of 
such facilities (Young, 1988; Young and Taylor, 1991). Such improvements aim to 
improve efficiency in terms of parking occupancy and turnover and to reduce the 
occurrence of problems such as queuing within a car park or overspill onto a road 
network. Types of modelling comprise investigating traffic circulation within a car 
park, or examining the local impacts on a network of traffic entering and exiting from 
parking places (Le et al., 1992). Although performance and design models have 
offered insights at a microscopic level into individual parking facilities’ performance, 
limitations have also been identified. The limitations focus on the incapability of this 
model type in: addressing the performance of a wider parking environment with 
multiple facilities (the entire parking stock); accommodating interactions between 
parking systems and broader transport network impacts (such as traffic flow and 
congestion); and examining the effects of on-street parking on network capacity and 
traffic flow (Polak and Vythoulkas, 1993). In order to overcome some of the stated 
limitations, an alternative approach that models the performance characteristics of 
the parking stock at an aggregate level is suggested. Extending such models might 
include the incorporation of links to road networks such as in a macroscopic model 
as has been outlined in the previous section that discussed network, assignment 
and equilibrium models; notably from research by Bifulco (1993) and Gur and 
Beimborn (1984). 
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    3.4.4       Parking Interaction and Simulation Models  
Parking interaction and simulation models were developed in order to incorporate 
various important interactions and feedbacks which typically characterise parking 
systems. They are methodologically diverse; being based upon modifications and 
extensions to existing discrete choice or network assignment and equilibrium 
models. They can therefore claim to have facilitated model development and 
application (Polak and Vythoulkas, 1993). One example of this model type is a 
macroscopic computer simulation model that was used to study the effects of 
parking policies on traffic flows and speeds (Bradley et al., 1986). This 
disaggregated simulation model comprised hierarchical logit models that interacted 
within an equilibrium structure. It focused on parking policy in central urban areas, 
considered mode and parking type choice through a time-sliced simulation over an 
entire day, and modelled parking activity including parking demand accumulation 
and patterns of arrival/departure at a parking place (Bates and Bradley, 1986; Polak 
and Axhausen, 1989). Another model is PARKSEARCH (Thompson, 1991) which 
comprises a microscopic parking search simulation model set within the context of a 
core urban area. PARKSEARCH considers traffic congestion, competitive parking 
choice and interactions between parking and route choice; with drivers assumed to 
have acquired knowledge of the parking system over subsequent searching 
experiences over a period of several simulated days. When developing a simulation 
model it is important to fully understand the content of the simulation that is to be 
developed, to consider which elements to include or omit from the model, and to be 
cognisant of time and cost constraints which may restrict the model that is ultimately 
developed (Robinson, 2011; 2014). 
A review of the literature has identified four different types of modelling approaches 
that have been applied to parking search research; these being: Discrete Choice; 
Network, Assignment and Equilibrium; Performance and Design; and Parking 
Interaction and Simulation. Each of the models has particular advantages and 
disadvantages, as has been outlined in Table 3.2. Therefore, when choosing a 
model, a decision will need to be made based upon understanding the aim of each 
specific study, the type and quantity of data available, and any resource constraints, 
in terms of time and cost, which may limit the modelling approach that is able to be 
chosen. 
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Table 3.2: Advantages, disadvantages and examples of application of modelling approaches to parking search 
Model type Advantage(s) Disadvantage(s) Examples of application 
Discrete 
Choice 
 
Useful for investigating: 
 
 Travellers’ sensitivity to 
different parking policies 
 Parking-related factors 
that affect travel 
decisions 
 
Has established the need for: 
 Explicit treatment of 
parking behaviour 
 Identifying and 
considering the influence 
of salient parking-related 
factors on travel choice 
Less appropriate for: 
 
 Representing sequential decision-
making, especially decisions 
involving detailed spatial context 
 Forecasting, particularly in heavily-
congested contexts, since model 
operation typically occurs at an 
individual level and assumes fixed 
aspects of parking and system 
performance 
Simple logit models of parking type choice were used (Axhausen 
and Polak, 1991; Golias et al., 2002); 
A logit model estimated potential change in driver behaviour from an 
already-chosen location when faced with parking charge increases 
(Tsamboulas, 2001); 
A mixed multinomial logit model was applied to enable driver 
heterogeneity and variable correlation to be accommodated (Hess 
and Polak, 2004); 
Fixed-effects linear regression models were applied to investigate 
parking search behaviour  
(Van Ommeren et al., 2012); 
A model was developed to represent driver decisions during car-
park search behaviour whereby disutility of particular parking 
facilities was estimated  
(Thompson and Richardson, 1998);  
A model of parking choice utility was developed to indicate drivers’ 
selection of car-parks offering perceived maximum utility (Mei et al., 
2010); 
The uncertainty inherent within individuals’ parking decisions, 
arising from the imprecise nature of parking and traffic systems 
have been investigated  
(Dell’Orco et al., 2003; Ottomanelli et al., 2011). 
Network, 
Assignment 
and 
Equilibrium 
 
Useful for: 
 
 Representing travellers’ 
parking behaviour as an 
extension of existing 
traffic assignment 
procedures 
 Representing different 
types of parking by 
different search and 
parking links  
 Less appropriate for examining 
parking restraint policies, i.e.  
behavioural responses to excess 
parking demand (e.g. effect on 
mode, destination, duration of stay, 
time of travel)  
 Based on a simplifying assumption 
of travellers being perfectly 
informed on traffic and parking 
conditions and selecting a 
combination of route and parking 
A network model was developed utilising an equilibrium approach to 
integrate parking location choice with car-parks as network links 
(Balijepalli et al., 2008; 2009); 
An urban network assignment model was applied to simulate 
parking choice and the impact of parking search on traffic 
congestion (Gallo et al., 2011); 
Traffic congestion has been integrated in parking search models 
with saturated on-street parking  
(Anderson and De Palma, 2004; Arnott and Inci, 2006; 2010; Arnott 
and Rowse, 2009); 
An assignment model to include parking supply and demand was 
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 Representing different 
types of parker (e.g. 
short-stay, long-stay) by 
multiple-user class 
assignment techniques  
to minimise travel disutility; unlikely 
in real-life situations 
 Simplified representation of 
searching traffic, i.e. using artificial 
searching links does not represent 
interactions between searching 
and ordinary traffic, nor does it 
capture the effect of searching 
traffic on the overall congestion 
levels in an area 
 Does not explicitly take into 
account the effects of on-street 
parking on network capacity and 
the relationship between flow 
capacity and travel times  
 Fails to accurately model trips 
longer than a single time-slice, 
through assumption of an 
equilibrium state within each time-
slice 
developed (Bifulco, 1993); 
Other models focused on parking demand  
(Caicedo, 2010; Lam et al., 1998; Lau et al., 2005); 
A network equilibrium model was applied to investigate time-
dependent joint travel and parking behaviour  
(Lam et al., 2006);  
A model was extended to determine optimal time-varying parking 
charges and supply with multiple user-classes and parking types 
(Lam et al., 2006); 
A multi-user and multi-mode traffic equilibrium assignment model 
was developed which examined the effect of parking charge 
increases (Shi and Luo, 2009). 
Performance 
and Design 
 
Useful for: 
 
 Providing insights into 
performance 
characteristics (e.g. 
traffic-circulation) of 
individual off-street 
parking facilities 
 Applying to interaction 
between traffic flows 
along a link and turning 
movements into and out 
of an off-street car park 
Less appropriate for addressing: 
 
 The issue of performance of the 
parking stock as a whole 
 Wider traffic flow and network 
impacts of parking performance 
 Network and performance effects 
of on-street parking 
Undertook a review of urban car parking models (Young et al., 
1991); 
Conducted a review of car park design models (Young, 1988); 
Outlined a parking model hierarchy (Young and Taylor, 1991); 
Extended a model to incorporate local impacts of traffic 
entering/exiting a car park (Le et al., 1992). 
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Parking 
Interaction 
and 
Simulation 
Useful for: 
 
 Taking into account key 
interactions and 
feedbacks which 
characterise the parking 
system 
 Practical policy 
application 
 Tend to be very eclectic in style  
 Lack coherence at a behavioural 
level 
Observing drivers’ parking and route choice, access and egress 
time (driving distance and walk time) were found to be important 
(Bonsall and Palmer, 2004); 
Simulating parking choice in a study incorporating the main 
influencing factors of parking behaviour  
(Gur and Beimborn, 1984).  
Interaction between parking supply and demand on parking choice 
was simulated, with categorisation of parking places by type and 
location (Coppola, 2002); 
Driver parking demands were investigated using an intelligent agent 
system enabling optimal parking selection for each driver and 
providing route guidance to a chosen parking facility (Chou et al., 
2008);  
Simulation tested proposals designed to improve short-term on-
street parking availability (Saltzman, 1994);  
Driver simulators have been developed to study parking behaviour: 
‘PARKIT’ guides drivers through simulated journeys in which route 
and car-park decisions are made according to presented situations. 
Individuals’ response to different scenarios and to Parking Guidance 
Information are monitored (Waterson et al., 2001); 
‘PARKAGENT’ urban parking model simulates driver behaviour in a 
spatially explicit environment, incorporating data from real-life 
situations to study the impact of different parking scenarios 
(Benenson et al., 2008). 
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3.5 Conclusion 
 
This chapter has reviewed the data collection techniques and modelling approaches 
that have been utilised in parking search research, in order to investigate potential 
approaches that might be applied to this research. Whilst a wide and often 
innovative range of data collection methods were identified as having been utilised 
in order to investigate parking search, it was found that the most frequently applied 
method in research of this nature was that of on-street parking questionnaire 
surveys, applying either a Revealed Preference (RP) or Stated Preference (SP) 
format to ask questions of drivers who had utilised on-street parking. Stemming from 
the aim of this thesis of investigating and comparing the factors that influence 
drivers’ urban on-street parking search time, and the third stated objective of 
ascertaining the perspectives of individual drivers of their experiences of urban on-
street parking search, it was reasoned that a RP survey would be the most 
appropriate technique to be applied to this research since this approach enabled 
detailed disaggregate data on individual drivers’ current (actual) experience of 
parking search to be obtained. A detailed description of the RP survey 
methodological approach that has been applied to the current data collection is 
included in Chapter 4.  
 
After reviewing the different statistical modelling techniques that had been identified 
in the literature as having been utilised in parking search research, it was found that 
the most commonly applied approaches were: discrete choice; network, assignment 
and equilibrium; performance and design; and parking interaction and simulation 
models. While each of the models is able to provide analysis of parking from 
different perspectives; for instance, from an aggregate system-wide approach in the 
case of equilibrium models, or from the viewpoint of specific parking facilities in 
performance and design models, evaluation of each modelling type led to the 
conclusion that none of the typically applied approaches were able to perform the 
level of analysis required in this investigation. This decision arose from an 
understanding that the data in this research comprised hierarchical disaggregate 
individual driver data that had been collected from a large number of different on-
street parking areas. It was, therefore, of considerable importance that the selected 
modelling approach could take into account the effect of contextual (street and city 
level) factors on drivers’ parking search time. Hence, a multilevel linear regression 
modelling technique was the most appropriate choice for this particular dataset. The 
selected approach and model development is discussed in Chapter 4.  
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4.1 Introduction 
The previous two chapters have reviewed the literature on parking search research 
in order to obtain a detailed understanding of the factors affecting parking search 
and of the data collection methods and statistical modelling techniques that have 
been applied. This chapter continues by outlining the methodology of this thesis. It 
commences with a section describing the various research paradigms; of which the 
pragmatism paradigm has been the focus. The chapter discusses a mixed methods 
approach that has been applied. This approach comprised three stages: firstly, 
qualitative interviews were conducted with local government authority Council 
Officers to obtain their perspectives on parking search. These findings were used to 
inform the second stage, whereby a quantitative on-street parking survey was 
conducted with drivers in four cities. Thirdly, further interviews were undertaken with 
Council Officers, in order to ascertain their opinions on the findings of the on-street 
parking survey in terms of future potential policy decisions. Different sampling 
strategies are outlined, before describing the sample design utilised for the 
quantitative survey. A pilot study that was conducted prior to extending the parking 
survey across a wider spatial area is discussed at length. The chapter closes with a 
detailed explanation describing the development of the linear regression statistical 
models that have been applied in this research. 
4.2 Research Paradigms 
A research paradigm, or worldview, is a philosophical framework that guides how 
research should be conducted according to a basic set of beliefs held by the 
researcher. It frames and guides the research questions that should be asked, the 
methods to be applied, how knowledge is identified, and the definition of high-quality 
research (Greene and Caracelli, 1997). The two most widely known dichotomous 
paradigms, ‘positivism’ and ‘interpretivism’ are positioned at the furthest extremes 
along a continuum of paradigms (Collis and Hussey, 2009) and are considered as 
being fundamentally opposed (Creswell and Plano-Clark, 2007). Therefore, the 
belief in and following of one paradigm could constrain research by directing 
proponents to use only specified research methods; thereby excluding others, and 
by limiting further intellectual exploration that does not align with a particular 
worldview (Kuhn, 1962). Counteracting the constraints placed upon research 
undertaken following these traditional paradigms, two alternative paradigms; 
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‘pragmatism’, identified by Dewey (1925) and discussed more recently by Creswell 
(2009), and ‘participatory’ (Creswell, 2009), take less extreme positions along the 
continuum. Dewey (1925, pp.40) refers to a pragmatist’s view as being of “an 
experiential world with different elements or layers, some objective, some 
subjective, and some a mixture of the two”. Indeed, pragmatism, which has been 
applied in this research, accepts that singular and multiple realities exist that are 
accessible to empirical inquiry, with the aim of solving real-world practical problems 
(Creswell and Plano-Clark, 2007); thus removing the “mental and practical 
constraints imposed by the forced choice dichotomy between postpositivism 
[positivism] and constructivism [interpretivism]” (Creswell and Plano-Clark, 2007, 
pp.27). An illustration of the main focus of the two traditional and two alternative 
paradigms and the associated implications for conducting research is outlined in 
Table 4.1. 
4.3 Assumptions of the Main Paradigms  
There are five main assumptions associated with the paradigms and these form 
elements along the continuum. The first three assumptions (ontological, 
epistemological, and axiological) are interrelated and complementary. These, along 
with the remaining two assumptions (rhetorical and methodological), are described 
below. 
    4.3.1       Ontological assumption 
The ontological assumption is concerned with the nature of reality. There are two 
traditionally opposing views which form a continuum, ranging from a positivist view 
of social reality as being objective and external to the researcher, meaning, 
therefore, that only one reality exists. At the opposing end of the continuum, 
interpretivists believe that social reality is subjective and socially constructed; each 
individual has their own sense of reality, which enables the co-existence of multiple 
realities. In contrast to these traditional perspectives, pragmatists are “anti-dualists” 
(Rorty, 1999, pp.ixx), questioning the traditional dichotomy, and “anti-
representational”, arguing that research should no longer aim to most accurately 
represent reality (Feilzer, 2010) to provide an “accurate account of how things are in 
themselves” but to be useful, to “aim at utility for us” (Rorty, 1999, pp.xxvi). 
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    4.3.2       Epistemological assumption 
The epistemological assumption relates to the nature of what is accepted as valid 
knowledge and involves the relationship between the researcher and that which is 
being researched. Two traditionally opposing perspectives again exist; positivists 
believe that valid knowledge is acquired only through observable and measurable 
phenomena which require the conducting of independent and objective research. 
This contrasts with the interpretivist viewpoint which uses subjective beliefs to create 
theories and the distance between researcher and that which is being researched is 
minimised. Meanwhile, a pragmatic paradigm does not believe in the existence of 
large epistemological differences; instead being of the viewpoint that common 
investigative approaches are shared and any stated differences are created by 
researchers to emphasise and support their distinctive research skill set (Hanson, 
2008). 
     4.3.3       Axiological assumption 
The axiological assumption refers to the role of values and how these influence the 
research being undertaken. Value-free research is paramount to positivists, who 
regard detachment and independence from the research subject to be vital; with the 
phenomena under investigation being considered as objects. Positivists believe the 
objects they are studying are unaffected by the research, that they were present 
before the research commenced, and that they will remain as objects after research 
completion. This is a very different assumption to that of interpretivists, who believe 
that researchers have values, even if these are implied rather than made explicit. 
These values help to determine what are recognised as facts and the interpretations 
drawn from them, since the researcher is involved in and becomes an implicit part of 
that which is being researched. However, from a pragmatic worldview, Patton (1988) 
believes that pragmatism can overcome such wide contradictions, since using an 
alternative methodological approach, for instance mixed methods, entails 
“situational responsiveness and a commitment to an empirical perspective” (Greene 
and Caracelli, 1997) rather than having fixed ideas which constrain an investigation.   
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    4.3.4       Rhetorical assumption 
The rhetorical assumption concerns itself with the language used in research; thus, 
positivist research utilises a formal style in the passive voice in order to convey 
objectivity. In interpretivist research, a less formal, active voice may be used to 
convey the immediacy of the research and the implicit involvement of the 
researcher. A pragmatic worldview would allow for variations in language to be used 
according to the nature of the investigation, thereby enabling the most appropriate 
style of language to be selected.  
     4.3.5       Methodological assumption 
The methodological assumption refers to the process of undertaking research. For 
the positivist approach, critical elements for conducting research comprise: having 
concepts that can be measured; investigating a large sample after having reduced 
the researched objects to their smallest parts; formulating hypotheses; and 
identifying causal relationships between variables. Interpretivists are more 
concerned with investigating a small sample, often over a longer time-period, and 
using several methods to obtain different viewpoints of the research subjects. The 
aim for an interpretivist approach is to identify and understand patterns within a 
contextual setting which may subsequently be applied to future situations. A 
pragmatist approach is less concerned with following either a specifically 
quantitative or a qualitative methodological approach and is ultimately interested in 
the practical demands of the investigative inquiry; specifically, whether the research 
has helped “to find out what [the researcher] want[s] to know” (Hanson, 2008, 
pp.109).  
This research has employed a pragmatism paradigm, whereby appropriate data 
collection methods have been selected in order to investigate a real-world research 
problem (parking search). This approach has enabled a more comprehensive 
examination and understanding of the issue of parking search by applying more 
than one investigative approach. A pragmatism paradigm lends itself naturally to a 
pluralistic mixed methods research approach and this will be discussed later in the 
chapter. This research has, in addition, utilised a case study approach, since this 
technique naturally falls within a pragmatism paradigm due to possessing a focus 
upon real-world contexts. The case study approach will be described in the next 
section. 
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Table 4.1: Four paradigms: Implications for research approach 
Positivism or Postpositivism Interpretivism or (Social) Constructivism 
 Traditionalist (scientific; often in artificial location) 
 Determinism and causal effect (cause probably determines effects or 
outcomes) 
 Reductionism (reduce ideas into small set of ideas to test through 
research questions and hypotheses) 
 Empirical observation and measurement 
 Objective reality 
 Theory (hypothesis) testing, verification, and prediction 
 Research is context-free and generalizable from the sample to the 
population  
 Researcher is independent of that being researched 
 Tends to use large samples 
 Unbiased and value-free research 
 Results are accurate and reliable through validity and reliability  
 Quantitative emphasis (data, numerical, evidence-based) 
 Deductive (begins with a theory, generates hypotheses, collects data 
that supports or refutes the theory) 
 Seeks to understand the world (from views expressed by participants) 
 Subjective; multiple and varied participant meanings 
 Social, cultural and historical construction (interactions between people 
and over time) 
 Theory generation for understanding (intuitive and shaped by researcher 
perceptions) 
 Acknowledgement that research is value-laden and biases are present 
 Research is context-bound (typically in a natural location) 
 Tends to use small samples 
 Findings are accurate and reliable through verification, and generalizable 
from one setting to another similar setting 
 Qualitative emphasis (open-ended questioning to obtain broad and 
complex information) 
 Inductive (meaning is generated from data collected in the field) 
Participatory or Advocacy Pragmatism*  
 Political (research contains an agenda for reform for the participants or 
institutions) 
 Empowerment issue-oriented (focuses on important social issues of the 
time among marginalised or disenfranchised groups and individuals in 
society) 
 Practical and collaborative (with participants) 
 Change-oriented (for participants) 
 Typically qualitative emphasis 
 
 Arises from actions, situations, and consequences 
 Focus on applications (what works) and solutions to problems 
 Problem-centred (emphasises the research problem and uses all 
approaches available to understand the problem) 
 Real-world practice oriented 
 Pluralistic (using quantitative and qualitative approaches to derive 
knowledge and best understand the research problem) 
 Freedom of choice (to choose the methods, techniques, and procedures 
that best meet the research purpose) 
 Mixed methods approach 
*The selected research paradigm applied in this thesis
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4.4 Case Study Approach 
In addition to following a pragmatism paradigm, this research has employed a case 
study methodological approach. A case study can be defined as “a methodology 
that is used to explore a single phenomenon (the case) in a natural setting using a 
variety of methods to obtain in-depth knowledge” (Collis and Hussey, 2009, pp.82). 
This definition was extended by Yin (2014) who highlighted a case study as being 
an empirical inquiry that “investigates a contemporary phenomenon…. in depth and 
within a real-world context.… [and that] the boundaries between phenomenon and 
context may not be clearly evident” (pp.16). Yin (2014) also indicated that the 
behaviours under investigation cannot be manipulated. Given these definitions, a 
case study could therefore be considered as an appropriate technique to have 
applied in this research, which comprised an investigation of the contemporary issue 
of parking search as currently experienced by drivers within a dynamic real-world 
context of the East Midlands geographical region. This necessitated the collection of 
data within this particular setting, in order to interpret and understand the findings 
within the context from which the data was obtained. Of benefit to this research was 
the scope within a case study approach to allow for the use of various and multiple 
quantitative and qualitative methodological techniques according to the case under 
investigation. However, since a case study is bound by time (Creswell, 2009) it 
typically presents a challenge to understand the findings without knowledge of past 
and future events (Collis and Hussey, 2009). Notwithstanding this aspect, the 
qualitative interviews undertaken in this research offered an insight into past parking 
search patterns within the case study setting, which were able to inform subsequent 
interpretation of the findings.  
4.5 Research Aim and Objectives 
The next section will describe the data collection methods that were applied in this 
research. Before discussing the method, it is useful to again consider the aim of the 
thesis. The aim and objectives were created after having undertaken a thorough 
review of the literature in which parking search had been investigated. This led to an 
identification of research areas which had, in recent years, received less attention. 
Hence the aim was identified as: 
To investigate and compare the factors that influence drivers’ urban on-street 
parking search time and its policy implications. 
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This led to the following objectives on which this research would focus: 
1) To identify the factors influencing urban on-street parking search time;  
2) To determine the views of local authority transport and parking policy 
decision-makers, with respect to parking search;  
3) To ascertain the perspectives of individual drivers of their experiences of 
urban on-street parking search; 
4) To develop a relationship between urban on-street parking search time and 
other factors using a statistical model;  
5) To recommend to local authorities future parking search policy.  
 
4.6 Research Design 
The research design depicted in Figure 4.1 indicates how the aim and objectives will 
be achieved. 
Figure 4.1: Research Design 
Revealed 
Preference Survey
Scoping Study
Literature Review
Thematic AnalysisMultilevel Modelling
Impact of factors on 
parking search time
Factors affecting 
parking search time
Policy 
recommendations
Interviews
 
 
The research design is shown in more detail in Figure 4.2.
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Figure 4.2: Research Design 
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1.  
To identify the 
factors influencing 
urban on-street 
parking search time 
2.                                 
To determine the     
views of local authority 
transport and parking 
policy decision-makers, 
with respect to      
parking search 
3.                                
To ascertain the 
perspectives of 
individual drivers of their 
experiences of urban 
on-street parking  
search 
4.                               
To develop a 
relationship between 
urban on-street parking 
search time and other 
factors using a 
statistical model 
5.  
To recommend to 
local authorities 
future parking 
search policy  
Stakeholder Interviews (Scoping Study) 
Pilot On-Street Parking Survey 
Revealed Preference On-Street Parking Survey 
Descriptive Statistics  
Multilevel Linear Regression Modelling 
 
 
Literature Review 
To understand the 
current state of     
parking search 
research  
To comprehend the factors influencing                  
parking search time 
To discover the 
differences and 
similarities between 
cities in parking      
search time 
 
To assist in       
policy-making 
decisions through 
increased 
understanding of 
parking search  
To investigate and compare the factors that influence drivers’ urban on-street parking search time and its policy implications. 
 
 
Stakeholder 
Interviews 
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The next section of this chapter describes the data collection methods that have 
been applied to the research. Prior to describing the approaches, an overview of 
contextual background information about the four cities in which data was collected 
is outlined. 
4.7 Research Context 
Having undertaken a review of the literature in order to identify research in which 
parking search had been the focus of the investigation, it was found that the 
phenomenon of vehicles searching for parking appeared to be an under-researched 
area. Most of the research had been undertaken during the 1990s (Axhausen and 
Polak, 1991; Polak and Vythoulkas, 1993) to early 2000s (Shoup, 2004) and 
primarily in the USA (Shoup, 2004; 2006); with a small number of studies having 
been conducted in Europe (van der Waerden et al., 1993; 2008; van Ommeren et 
al., 2012) and large metropolitan areas such as London and Birmingham in the UK 
(Axhausen and Polak, 1991). Given the potential importance of parking search on 
urban traffic congestion (Arnott and Inci, 2006) and air pollutant emissions (van 
Ommeren et al., 2012), accompanied by uncertainty over the significant factors that 
influence its occurrence and length of time spent searching by drivers, it was 
decided that parking search would be the focus of this thesis. The selected region in 
the UK in which the research has been undertaken is shown in Figure 4.3. The 
stand-alone cities of Derby, Leicester, Lincoln and Nottingham were chosen, since 
each comprised the primary cities within each respective county of Derbyshire, 
Leicestershire, Lincolnshire and Nottinghamshire. Maps depicting the layout of 
streets within each city are included in Appendix V, with a list of the streets in which 
the surveys were conducted in Appendix IV. The cities provided contextual 
homogeneity; all were situated within the East Midlands region and therefore 
possessed a common locational context and access to major road transport 
networks, but also contextual heterogeneity; as cities of different geographical sizes, 
possessing varied socio-demographic population mixes, and having different 
transport and parking policies and levels and types of transport infrastructure. 
Furthermore, undertaking this research across four cities enabled comparisons to be 
made between individual city findings, in order to identify similarities and differences 
among factors that had initially been identified from the literature (outlined in 
Chapter 2) and that were found in the results of this research (described in detail in 
Chapter 6 and Chapter 7) as having significantly influenced drivers’ parking search 
time.  
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Figure 4.3: Research area depicting the East Midlands region within the UK 
  
 
 
 
 
 
 
 
 
The East Midlands region covers 1,560.642 hectares of land (2011) and has an 
average population density of 3 persons per hectare. In 2011 it had an overall 
population of 4,533,222 (Leicestershire Statistics and Research). The section below 
provides contextual information about the four cities in the research and outlines the 
differences and similarities between them in terms of size, population, and 
population density. This is followed by contextual information of each city’s 
Controlled Parking Zone (CPZ) in terms of pricing and times of operation (section 
4.7.5 and Table 4.2).   
    4.7.1        Derby 
Derbyshire is bordered to the east by Nottinghamshire and by Leicestershire to the 
south. Its western boundary joins the neighbouring region of the West Midlands. 
Derbyshire covers 254,670 hectares, making it slightly larger in land coverage than 
Nottinghamshire and Leicestershire, but much smaller than Lincolnshire. The 
population of Derbyshire (including Derby city) stands at 1,018,438 (2011), with a 
population of 248,752 for the city of Derby alone (2011) (Derbyshire Observatory). 
This data shows that, similar to Lincolnshire, a smaller number of inhabitants live in 
the city of Derby compared to those living in other areas of Derbyshire. Its 
population density per hectare is 3 persons, which is the same as for Leicestershire, 
less than for Nottinghamshire, and more than for Lincolnshire. 
Maps = copyright - Google 
United 
Kingdom 
 
East 
Midlands  
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    4.7.2        Leicester 
The county of Leicestershire is bordered to the north by Derbyshire, 
Nottinghamshire, and Lincolnshire, and to the south by Northamptonshire. It could 
therefore be considered as being the most centrally located of the counties that 
make up the East Midlands region. Leicestershire covers 208,288 hectares of land, 
making it very similar sized to Nottinghamshire. The population of Leicestershire 
(including the city of Leicester but excluding Rutland) is 980,318 (for 2011) (Office 
for National Statistics, 2011 Census for England and Wales) while the population of 
the city of Leicester is 329,839. These figures indicate that in the region of one-third 
of inhabitants of Leicestershire live within Leicester city itself. This compares to 
Nottinghamshire, in which just less than one-quarter of residents live within 
Nottingham city compared to other areas of the county; while far lower numbers of 
inhabitants in Lincolnshire live within the city of Lincoln. The population density of 
Leicestershire is 3 persons per hectare (Leicestershire Statistics and Research). 
    4.7.3        Lincoln 
Lincolnshire is a large rural county bordering the North Sea coast at the eastern 
edge, the county of Nottinghamshire at the western boundary, and the county of 
Leicestershire and Rutland at the southern boundary. It covers 592,062 hectares, 
making it in the region of three times larger than Nottinghamshire and 
Leicestershire, and well over twice as large as Derbyshire. Lincolnshire (including 
Lincoln) had a population of 724,500 (mid-year 2013), and had increased by 9.2% 
from the population of 2003 (Lincolnshire Research Observatory). The city of Lincoln 
is situated towards the western county boundary and had a population in 2011 of 
93,500 (Office for National Statistics, 2011 Census for England and Wales). 
Population density in Lincolnshire stands at around one person per hectare, making 
Lincolnshire a sparsely populated county compared to the East Midlands region 
overall, as outlined in the following sections. 
     4.7.4        Nottingham 
The county of Nottinghamshire borders Lincolnshire to the east, Derbyshire to the 
west, and the county of Leicestershire and Rutland to the south. It covers 208,477 
hectares. The population of Nottinghamshire (including Nottingham) is 1,107,000, of 
which the city of Nottingham had a population of 310,800 (mid-year 2013) 
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(Nottinghamshire County Council). The figures highlight the far larger population in 
the city of Nottingham than in the city of Lincoln. Nottinghamshire population density 
stands at 4 persons per hectare, making it the most population dense county in the 
East Midlands. It should be noted that although Nottingham comprises a greater 
conurbation area (‘greater Nottingham’) that makes up a larger urban area than 
exists in each of the three other cities of Derby, Leicester, and Lincoln, this research 
focused solely within Nottingham city itself and did not investigate parking search 
beyond the city boundary.  
     4.7.5        Controlled Parking Zones and the Parking Context 
Controlled Parking Zones (CPZs) are present in the four cities of Derby, Leicester, 
Lincoln, and Nottingham. CPZs are able to provide a structured policy approach 
towards managing on-street parking demand, through the implementation of parking 
tariffs and/or specified times of operation across different, designated areas of each 
city. As urban traffic and parking management has increased in importance over the 
recent years, in order to maintain efficient traffic flow and to reduce congestion along 
key access routes, CPZs have expanded from purely operating within core areas of 
a city to being installed in more peripheral areas that had previously been less 
affected by high parking demand. Each local authority within the four cities had 
implemented different tariffs (with the exception of the city of Lincoln) and time 
restrictions across its CPZ. These are outlined in Table 4.2, in addition to details of 
occupancy levels and areas of overspill parking in each city. 
As can be seen in Table 4.2, the parking context differed across the four cities in 
terms of tariffs and time restrictions. Lincoln was the only one of the cities that did 
not charge for any on-street parking at the time when this research was undertaken. 
Time restrictions were, however, in place within central city areas. The three cities of 
Derby, Leicester and Nottingham all operated a system of varied pricing according 
to duration of parking, in order to cater for driver requirements of shorter or longer 
stays. This system was typically arranged by means of ‘zones’, with charges being 
progressively more expensive within inner as compared to outer zones, based upon 
distance from the city centre (with proximity to core areas resulting in higher fees 
being charged). In the case of Nottingham, these prices are clearly expressed in 
terms of zone 1, zone 2, or zone 3 parking spaces (as detailed in Table 4.2). Pricing 
also varied in each of the three cities according to day of the week and/or time of 
day at which a driver had parked, with lower fees being charged for Sunday or 
evening and overnight parking. 
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Estimates taken of on-street parking occupancy through observations made of 
parking occurrences in different streets in which on-street parking was located, and 
that were investigated for the purpose of this research, indicated that occupancy 
levels ranged from 75% to 90%. The occupancy level varied depending upon the 
amount of parking supply (number of bays provided) and demand by individuals 
within the various inner and outer areas of each city in which drivers required a 
parking space. Higher parking demand by individuals if accompanied by lower 
supply in certain areas would have necessitated an increased search time in which 
to locate a vacant parking space. Alternatively, lower driver demand or greater 
supply of bays would have reduced the length of search time undertaken by drivers 
seeking a parking space. The occupancy levels of on-street parking on each street 
would have been likely, therefore, to have affected the length of search time 
undertaken by drivers within different streets, at various times of day, and on each 
day of the week.  
The effect of high occupancy levels can subsequently be seen in the areas of 
overspill on-street parking that have been informally established in each city to be 
utilised by drivers who were unable to locate and secure their initial choice of vacant 
parking space closer to their destination point. Overspill parking in the four cities in 
this research was typically found to be located an average of one mile from each city 
centre and tended to be dispersed around the periphery, often in the direction of 
each compass point, in order to accommodate the parking requirements of drivers 
travelling in from northerly, southerly, easterly and westerly directions into each 
urban area. Overspill parking was most often found to have been located in 
residential areas on the edges of each city that were outside the boundary of the 
controlled parking zones and, hence, did not operate any parking charges or time 
restrictions to the length of stay permitted. This led to such areas of overspill parking 
being viewed by drivers as highly desirable, particularly to individuals wanting to 
park for a longer duration, such as commuters, since drivers were able to park for 
nine hours or more free of charge.  
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Table 4.2: Controlled Parking Zones (CPZs) in each city 
City Times of 
operation 
Tariffs (£) 
Average occupancy (%)              
(estimated) 
Areas of overspill parking 
Charged parking Free parking Location 
No. spaces 
(estimated) 
Distance from 
centre (estimated) 
Lincoln 
½ hr – 1hr 
(centre); 
 
Unlimited 
(outer) 
No charge for all 
areas of on-
street parking 
n/a 80% - 90% North and south 
areas of city 
175 (north); 
90 (south) 
1.2 miles (north); 
1 mile (south) 
Derby 
Mon-Sat 
08:00-20:00; 
 
Sunday and 
Bank Holidays 
10:00-16:00 
2 hr max stay  
 
≤ ½ hr: £1.30 
≤1 hr: £2.20 
≤ 1½ hr: £2.90 
≤2 hrs: £3.50  
85% - 90% n/a North-west area of 
city and south area 
close to rail station 
248 0.8 – 1 mile 
Mon-Sat 
08:00-18:00; 
 
Sunday and 
Bank Holidays 
10:00-16:00 
4 hr max stay 
 
≤ ½ hr: £1.20 
≤1 hr: £1.90 
≤2 hrs: £2.60  
≤3 hrs: £3.30 
≤4 hrs: £4.30 
80% - 85% n/a 
Mon-Sat 
08:00-18:00 
All day 
 
≤1 hr: £0.50 
≤4 hrs: £1.30 
>4 hrs: £2.30 
75%  n/a 
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Leicester 
Mon-Sat 
06:00-18:00 
½ hr: free 
≤1 hr:  
£1 (centre);  
free (outer) 
≤2 hrs  
£3 max stay 
(centre);  
£1 (outer) 
≤3 hrs  
£2 max stay 
(outer);  
£1 (long-stay) 
≤10½ hrs  
£4 (long-stay) 
85% - 90% (centre); 
 
85% (outer and long-
stay) 
 
 
 
 
 
 
 
 
90% South, south-east 
and north-east 
areas of city 
365 0.5 – 0.8 miles 
(north-east); 
1 – 1.2 miles (south-
east); 
1.2 – 1.5 miles 
(south) 
Sunday and 
Bank Holidays 
£1 max 3 hrs 
(centre); 
Free: 
(outer/long-stay) 
85% 85% - 90% 
Nottingham 
 
Mon-Sat 
08:00-18:00 
Zone 1 (centre) 
 
½ hr: £1; 
per additional 
½ hr: £1 
85% n/a West, north-west, 
north and south 
areas of city 
282 0.7 – 1.2 miles  
 
 
 
Mon-Sat 
18:00-20:00 
Zone 1 (centre) 
 
2 hrs: £1 
90% n/a 
Mon-Sat 
20:00-08:00 
Zone 1 (centre) 
 
Free 
n/a 85% 
Sunday and 
Bank Holidays 
08:00-20:00 
Zone 1 (centre) 
 
2 hrs: £1; 
per additional 
½ hr: 25p 
85% n/a 
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Mon-Sat 
08:00-18:00 
Zone 2 (middle) 
 
1hr: £1; 
per additional 
½ hr: 50p 
80% - 90% n/a 
Mon-Sat 
18:00-20:00 
Zone 2 (middle) 
 
2 hrs: £1 
80% - 90% n/a 
Mon-Sat 
20:00-08:00 
Zone 2 (middle) 
 
Free 
n/a 80% 
Sunday and 
Bank Holidays 
08:00-20:00 
Zone 2 (middle) 
 
All day: £1 
90% n/a 
Mon-Sat 
08:00-18:00 
Zone 3 (outer) 
 
2hrs: £1; 
per additional 
½ hr: 25p 
80% n/a 
Mon-Sat 
18:00-20:00 
Zone 3 (outer) 
 
2 hrs: £1 
75% - 80% n/a 
Mon-Sat 
20:00-08:00 
Zone 3 (outer) 
 
Free 
n/a 75% 
Sunday and 
Bank Holidays 
08:00-20:00 
Zone 3 (outer) 
 
All day: £1 
75% n/a 
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This section has provided an overview of the contextual information about the East 
Midlands case study area, in particular of the four cities in which this research has 
been conducted. The data collection approaches that were applied in this research 
will now be discussed, commencing with an overview of the mixed methods 
approach involving both qualitative and quantitative techniques.  
4.8 Inductive Mixed Methods Approach 
This research utilised an inductive approach (Collis and Hussey, 2009), by which an 
understanding of the nature of parking search, in terms of the influence of significant 
factors upon length of search time, was developed from undertaking observation of 
empirical reality through the conducting of a parking survey in a real-world context. 
Applying a mixed methods approach enabled different layers (Dewey, 1925) 
indicated by epistemological concerns that favoured traditional dichotomous 
research paradigms (positivism and interpretivism) to be addressed by utilising 
quantitative or qualitative research methodological techniques for different aspects 
of the investigation (Feilzer, 2010). Thus, a mixed methods approach was chosen 
for this research for the benefit of having the different methodological techniques 
inform and supplement each other. This approach enabled enhanced understanding 
of the visual appearance and wider effects of parking search in urban areas to be 
achieved through qualitative interviews, while quantitative statistical modelling was 
undertaken in order to obtain detailed comprehension of the influence of important 
factors that affected parking search. Therefore, an advantage of utilising a mixed 
methods approach was to more fully understand the real-world problem under 
investigation by utilising a method that was the most appropriate to each aspect of 
the investigation rather than being constrained by a particular paradigm. Of further 
benefit was the employment of multiple methodological techniques in counteracting 
some of the limitations that each single research method had; for instance, of not 
being able to generalise qualitative interview findings to other populations, and not 
having knowledge of contextual or other information that would supplement a 
quantitative survey method (Greene and Caracelli, 1997).  
There are two important elements to consider when deciding upon a mixed methods 
approach (Bryman, 2012). The first is ‘priority’; whether a quantitative or qualitative 
approach is the principal data collection method, or whether they possess equal 
weight. The second is ‘sequence’; whether one data collection method follows the 
other and, if so, in which order they are undertaken, or whether each method 
operates concurrently. In this thesis, a sequential mixed methods approach was 
   
 
82 
 
undertaken, in which qualitative face-to-face semi-structured interviews were 
conducted prior to undertaking quantitative on-street questionnaire surveys, which 
formed the main method of data collection. This enabled both open- and closed-
ended questions to be included in the research; with semi-structured interviews 
comprising open-questions to prompt discussion and expansion of responses, and 
closed-questions utilised in the questionnaire surveys to obtain more precise 
responses and enable improved data analysis. 
The decision to conduct qualitative interviews prior to undertaking quantitative 
parking surveys was to enable the interviews to inform the survey in terms of 
questionnaire content and in selecting appropriate locations in which to conduct the 
surveys. In addition, there was an element of utilising the qualitative interviews to 
provide a context for interpretation and greater understanding of the quantitative 
survey findings, since additional detailed information was obtained from the 
interviews with local authority employees who had experience in on-street parking 
within the four cities involved in the study that it was not possible to gather from 
surveys undertaken with drivers. This context provision also enabled enhanced 
utility of the findings in generating data that had potential real-life policy applications. 
Another reason a mixed methods approach was employed was to confirm and 
discover whether the perceptions of the local authority employees were accurate in 
terms of parking search within the four cities. Using both approaches additionally 
enabled a diversity of views to be gathered; on the one hand from the professional 
parking policy-makers who provided the on-street parking, and on the other from 
individual drivers who were end-users of the parking spaces. Comparing both 
perspectives achieved greater balance through awareness of different viewpoints 
that had been expressed.  
Having described the mixed methods approach that has been applied in this thesis, 
the next section describes in detail the qualitative scoping study that was conducted 
with local authority council officers in order to obtain their perspectives on parking 
search. 
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4.9 Stage 1: Qualitative Interviews of Council Officers to Obtain 
Perspectives on Parking Search 
A scoping study was conducted with local government authorities in four counties in 
the East Midlands region of the UK. A qualitative research approach was 
undertaken, which took the form of face-to-face semi-structured interviews with 
Council Officers. This method was chosen due to the greater flexibility in questioning 
offered by this approach, which provided the opportunity to elicit greater detail about 
specific parking search issues and to gain potential insights into parking search and 
parking policy by allowing interviewees to explore the issues from their own 
perspectives in a semi-structured way through open-ended questioning.  
    4.9.1       Selection of Respondents 
Ten interviews were conducted with local authority respondents between October 
and November 2013. Respondents were selected for interview according to their 
having been employed in a position as a senior Transport or Parking Officer for a 
number of years, in addition to holding a significant level of responsibility for 
transport or parking policy decision making within a local government authority. The 
respondents had each held senior transport management roles within a City, County 
or Borough Council for between six and thirty two years and had responsibility for 
implementing parking policy and embedding it within a Council’s overall transport 
strategy. The job titles of the respondents and names of the Councils are shown in 
Table 4.3. The respondent sample therefore comprised City, County and Borough 
Councils within the four main counties of the East Midlands region of the UK; 
Derbyshire, Leicestershire, Lincolnshire and Nottinghamshire. The sample provided 
both contextual heterogeneity (four stand-alone cities of different sizes, possessing 
varied population mixes) and homogeneity (all were situated within the East 
Midlands region and therefore possessed a common locational context). The three 
largest, and most similar sized cities, (Derby, Leicester and Nottingham) offered a 
further interesting aspect regarding a covert (and sometimes overt) level of 
competition around attracting individuals to each respective city for various trip 
purposes, for instance, shopping, work and personal business. Thus, the transport 
and parking policies that the cities had developed and implemented affected drivers’ 
perceptions of each city’s attractiveness when compared against the two other 
major cities in the region. The City of Lincoln differed slightly in that, being located at 
a greater distance from the three other cities and comprising a smaller population 
size it did not occupy such a directly competitive position. Hence, although the 
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impact upon Lincoln compared to the three other cities when making parking policy 
decisions would be carefully considered, there was a noticeably reduced level of 
direct competition stated by Officers from Lincolnshire County Council than had 
been expressed by Officers within Derby, Leicester and Nottingham Councils.  
Table 4.3: Local authority interview respondents 
ID Position Council 
1 Head of Regulatory Services Charnwood Borough Council 
2 
Civil Parking Enforcement Manager  
Network Management 
Derbyshire County Council 
3 
Transport Manager  
Economy, Transport and Environment 
Group 
Derbyshire County Council 
4 
Group Manager  
(Transport Strategy and Projects) 
Leicester City Council 
5 
Group Manager (Transport Planning) 
Traffic and Safety Group 
Leicestershire County Council 
6 
Team Manager (Traffic Management) 
Traffic and Safety Group 
Leicestershire County Council 
7 
Network Manager 
Transport and Accessibility Directorate 
Lincolnshire County Council 
8 
Parking Manager  
Transport and Accessibility Directorate 
Lincolnshire County Council 
9 
Project Support Officer 
Transport and Commercial Services 
Nottingham City Council 
10 
Parking Operations Manager 
Parking Services 
Nottingham City Council 
 
     4.9.2       Interview Format and Questions  
Each interview occupied between one and two hours in duration, in order to allow 
sufficient time for discussion which expanded on the initial questions addressed to 
the respondents. Brief notes were taken of the main points from every interview 
and, in addition, each interview was recorded after verbal permission had been 
obtained from the respondents prior to commencement of each session. This 
enabled the focus to be on conducting the interviews, which was particularly 
important with regards to being alert to what the interviewees said in response to 
the questions, how responses were articulated, following up interesting points 
made, prompting and probing where necessary, and highlighting inconsistencies in 
responses. Interview recordings additionally enabled more accurate analysis of the 
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interview content since having a complete recording of everything that had been 
discussed enabled points from the notes to be subsequently repeatedly checked, 
clarified and corrected. The recorded interviews additionally provided useful 
quotations from the respondents that were used to illustrate the points they were 
making. Some of these are included in the chapter titled, ‘Findings: Qualitative 
Interviews with Local Government Authorities’. The in-depth interviews comprised 
thirteen pre-prepared open-ended questions, as indicated in Table 4.4. These were 
developed by reference to the literature on parking search, from which various 
issues of importance in terms of parking search emerged. The issues included: trip 
purpose, spatial and temporal elements of parking search, future technological 
advances that might alter patterns of parking search and length of search time, and 
parking policy implementation. These were used to guide the discussion and 
ensure all the relevant topics were covered in each interview. However, being 
qualitative in nature, it was not essential that the exact question wording or order of 
questioning was strictly adhered to in each separate interview although all the 
questions were put to each respondent and similar wording was used from 
interviewee to interviewee. Each of the questions was utilised as a prompt in order 
to create further discussion, with follow-up questions asked when stimulated by the 
interviewees’ initial responses. The questions commenced with broad transport 
issues before focusing more specifically on parking, and parking search in 
particular, in order to be able to situate the respondents’ perceptions about parking 
search within a transport and parking context. The spatial and temporal nature of 
parking search was a further important area of questioning. The precise nature of 
the topics remained flexible according to the direction sparked by the interviewees.  
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Table 4.4: Interview questions developed from the parking search literature 
 1 What do you consider to be the main transport issues affecting cities in the UK? 
 2 What do you consider to be the most significant parking issues in UK cities? 
 3 
Do you consider parking search to be an issue in UK cities and, if so, how serious 
an issue would you perceive it to be in relation to other parking issues? 
 4 
Do you think there is a problem with parking search in Leicester/Nottingham 
/Derby/Lincoln? If so, how would you perceive the seriousness of the issue in 
relation to other UK cities? 
 5 
Are there any specific factors in Leicester/Nottingham/Derby/Lincoln that you think 
influence the likelihood of parking search occurring? 
 6 
Are there specific groups of motorist (for example, shoppers, tourists, commuters, 
leisure users) whom you believe are more or less likely to search for parking? If 
yes, what do you perceive to be the reasons for this?  
 7 
In your experience, does the level of parking search vary according to time of day, 
day of the week, or time of year? 
 8 
Are there areas of Leicester/Nottingham/Derby/Lincoln in which parking search is 
more likely to occur and if so, in which areas? 
 9 Do you think parking search has changed over time? If so, in what ways and why? 
 10 
If parking search is perceived as a problem in Leicester/Nottingham/Derby /Lincoln, 
has Leicester/Nottingham/Derby/Lincoln City Council implemented any parking 
management policies in order to address parking search? If ‘Yes’, what measures 
have been introduced and how effective have these been in addressing the issue of 
parking search and wider parking and transport issues? Have there been wider 
benefits arising from the policy implementation and, if so, what are they? 
 11 
In addition to policy measures which may have been identified in the previous 
question, what do you believe are possible solutions to address the issue of parking 
search? What might be the challenges of implementing these solutions (for 
instance cost or public acceptability) and how might these challenges be 
overcome? 
 12 
In your view, what are the likely future developments in parking search? Do you 
think parking search will become a greater or lesser issue and what are the 
reasons for your response?  
 13 
What do you consider to be the likelihood of Leicester/Nottingham/Derby/ Lincoln 
City Council adopting policy measures to address parking search in the future, and 
how would such measures fit with the current objectives of 
Leicester/Nottingham/Derby/Lincoln City Council? 
 
    4.9.3       Interview Analysis 
The qualitative interview data with Council Officers was analysed by undertaking a 
thematic analysis of each interview in order to objectively and systematically identify 
implicit and explicit ideas or themes across the interview surveys (Neuendorf, 2002). 
This inductive approach enabled the complexities of meaning, both manifest and 
latent content, including similar or differing views of respondents, to be identified, 
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examined and understood (Joffe and Yardley, 2004). Employing this approach 
ensured that the interviewees’ experiences of parking and parking search issues 
have been interpreted comprehensively and accurately and, importantly, minimised 
subjective interviewer bias. Identification of the key themes across each interview 
was undertaken according to the focus of the research questions. Interpretation of 
interview meanings was conducted by observing the frequency with which key 
themes were mentioned, in addition to noting further supportive detail from the text; 
this offered the advantage of analysing theme frequency together with in-depth 
analysis of meanings in context, thus providing greater transparency to the 
interpretation of the interviews and also attaining more complex inferences (Joffe 
and Yardley, 2004). Also of interest were omissions from the interview responses, 
as information that was omitted revealed elements of parking search that were of 
greater or lesser interest to the respondents. Findings from the scoping study are 
reported in Chapter 5. 
4.10 Hypotheses  
Having undertaken the qualitative interviews with local government authority Council 
Officers, a survey was conducted with drivers who had parked at on-street parking 
places, in order to obtain primary quantitative data about parking search time and 
the factors that influenced this. Prior to undertaking the survey across all four cities 
in the research, a pilot study was conducted in one of the cities (Lincoln). 
Hypotheses were developed that would be tested by means of analysing the 
quantitative parking survey. The hypotheses are outlined below.  
Null hypotheses that indicate absence of an effect in the data were developed after 
having conducted a review of the literature. Each hypothesis was statistically tested 
against empirical data collected by means of an on-street parking survey conducted 
with drivers in four cities in one region in the UK. The hypotheses that have been 
selected for investigation were carefully chosen after having reviewed the literature 
in order to identify various factors that influenced parking search time. It was found 
that certain factors, such as walk time from a parking place to a final destination or 
the price of parking had received more coverage in the literature than had several 
other factors, such as a driver’s trip purpose or the number of parking places 
previously visited on the same trip. As these two examples had received less 
attention in parking search research, in addition to a belief that these factors might 
be considered as being potentially important influencing factors, hypotheses were 
developed respectively that focused on trip purpose and number of parking places 
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visited (Hypothesis 2 and Hypothesis 4 shown below). Hypothesis 3 was developed 
since this factor (habit) has been investigated in the literature but not in association 
with parking search and it was additionally considered as being a potentially 
important influencing factor of drivers’ parking search time. Habit could also be 
considered as having a connection with familiarity; a factor that has been 
investigated more widely in the literature. The further two hypotheses (Hypothesis 1 
and Hypothesis 5) focused on factors that do not appear to have been examined in 
the literature in relation to parking search time, yet were considered to potentially 
have an important influence on drivers’ search time for a parking space. Hypothesis 
5 focused on the time of arrival by a driver at a parking place, which might 
potentially influence parking search time if a driver’s arrival time coincided with high 
parking demand at the same time from other drivers. Hypothesis 1 was concerned 
with the area type in which a driver was searching for parking. This factor was likely 
to be related to a driver’s trip purpose. The final hypothesis addressed the 
importance of applying a multilevel regression model to the data analysis in order to 
indicate potential street-level differences that could account for variation in parking 
search time. Each of the six hypotheses is listed below.  
Hypothesis 1: There will be no difference in area type (for example, tourist, core – 
shopping) and the time spent searching for parking; 
Hypothesis 2: There will be no difference in drivers’ trip purpose and the time spent 
searching for parking; 
Hypothesis 3: There will be no difference in drivers’ parking habit and the time 
spent searching for parking;  
Hypothesis 4: There will be no difference in number of parking places visited and 
the time spent searching for parking; 
Hypothesis 5: There will be no difference in time of arrival at a parking place and 
the time spent searching for parking;  
Hypothesis 6: No significant variation in parking search time will be attributed to 
street-level differences. 
Having established the hypotheses outlined above, these were tested by applying a 
quantitative method in the form of an on-street parking survey. Before embarking on 
the survey it was necessary to develop an appropriate sampling strategy. The next 
section, therefore, discusses the various sampling strategies that were considered.  
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4.11 Sampling Strategies 
    4.11.1      Probability Sampling Strategies 
Probability sampling strategies enable identification of an unbiased representative 
sample of respondents from a population. There are several types and these are 
briefly outlined below. 
a) Simple random sampling 
Each unit of the population in simple random sampling has an equal and known 
probability of being included in the sample. Therefore, this population selection 
technique assumes that a representative sample is more likely to be the outcome 
and that sampling error will be minimised. Advantages of this approach are the 
removal of human bias, since the selection of who to include in the sample is 
entirely mechanical, and selection is undertaken without the respondents’ 
knowledge and is therefore not dependent upon the respondents’ availability or 
actual presence (Bryman, 2012). This approach was not applied to this research 
since it was not considered possible to create a random sampling frame that 
included every driver who potentially might have been parking in one of the on-street 
parking spaces during the days when the survey was being conducted, since the 
population was not limited to those who resided in each city. Instead, the population 
included individuals who entered from outside and parked within the cities; 
therefore, to obtain a representative random sample would have been immensely 
challenging in these circumstances. 
b) Systematic sampling 
Systematic sampling entails the selection of units directly from the sampling frame, 
without the necessity of creating a set of random numbers. As in the previous 
sampling strategy, systematic sampling also entails randomly selecting a sample 
from a population within a sampling frame. Prior to selection, it should be ensured 
that the sampling frame is not ordered in any way, since this would negate the 
random selection process (Bryman, 2012). Similar to the random sampling 
technique, this approach was not considered as being a feasible sampling strategy 
for this research, given the difficulties previously described regarding a transient 
driver population. 
 
   
 
90 
 
c) Stratified random sampling 
Stratified random sampling proportionally represents the number of individuals 
belonging to different sampling frames which together comprise an overall sampling 
frame. Using this method enables a population to be stratified by a criterion; 
subsequently selecting either a simple random sample or a systematic sample from 
each of the resulting strata. The advantage of this sampling technique is that it 
ensures the sample is distributed the same as the population in terms of the 
stratifying criterion. Furthermore, it enables the application of more than one 
stratifying criterion in order to obtain a more accurate and representative sample 
(Bryman, 2012). This sampling strategy was similarly not considered as being a 
feasible approach for this research due to the challenge in obtaining an accurate 
figure representing the driver population. 
d) Cluster sampling 
This approach involves obtaining a random selection of respondents from a 
sampling frame based upon listings of groups rather than individual units. Every 
individual belonging to a selected group then becomes part of the sample (Collis 
and Hussey, 2009). This sampling strategy was initially considered as applicable to 
this research, since it offered a more feasible proposition in terms of obtaining a 
more representative sample of the driver population who were parking at on-street 
parking spaces within the four cities. However, the more complex multi-stage 
(cluster) sampling was ultimately thought to be a more appropriate sampling 
strategy and it is this that will be discussed next. 
e) Multi-stage (cluster) sampling 
The multi-stage cluster sampling approach is utilised where the groups selected in a 
cluster sample are so large that a sub-sample must be selected from each group 
(Collis and Hussey, 2009). It utilises as the primary sampling unit (the first stage of 
the sampling procedure) the aggregated units of the population to be sampled. 
These groupings or ‘clusters’ are formed using a probability sampling method at 
each stage of sampling. This approach offers the potential of including multiple 
stages of cluster sampling, which provides advantages of geographical 
concentration when resource allocation (in terms of time and cost) are important 
(Bryman, 2012). It was thought that this sampling strategy was the most appropriate 
for this research since it enabled multiple stages of cluster sampling. However, 
given the challenges mentioned about the extremely large and transient driver 
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population, it was decided that it was necessary for this approach to be combined 
with a non-probability sampling strategy (convenience sampling). The full sampling 
strategy applied in this thesis will be discussed later on in this chapter. 
     4.11.2      Non-Probability Sampling Strategies 
Unlike probability sampling strategies, non-probability sampling techniques do not 
involve a random sampling element and are therefore not without bias. The features 
of the three main types of non-probability sampling approaches are outlined in brief 
below. 
a) Convenience sampling 
A convenience sample is one that is available, accessible, and convenient. The 
problem with utilising such a sampling strategy is the difficulty in subsequently 
generalising the findings to other populations, since the convenience sample may 
not be representative of the population (Bryman, 2012). As discussed previously, 
this approach had been jointly applied with a multi-stage (cluster) sampling 
approach to this research. The sampling strategy utilised in conducting this research 
will be discussed in greater detail later in this chapter. 
b) Snowball sampling 
This strategy extends convenience sampling by initially approaching a small group 
of individuals related to the research topic and then uses this group to establish 
further contacts. Again, this approach is unlikely to represent the population; 
however it can be useful in focusing on relationships between individuals (Bryman, 
2012). This was not considered as being an appropriate strategy to use in this 
research, since individual drivers who were parking within the cities were not 
necessarily connected to or familiar with each other to the extent that they would 
have been able to recommend additional driver contacts for participation in a survey. 
c) Quota sampling 
Quota sampling aims to reflect the population through obtaining a sample that is 
comprised of relative proportions of individuals in different categories. It is not 
random; instead it is the choice of the researcher whom to select to be in the sample 
based upon the individuals in each group (Bryman, 2012). It may be subject to bias, 
since only those individuals who are in the area where the research is being 
conducted and whom are chosen by the researcher will be approached; these 
individuals may not be representative of the population and may over-represent or 
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under-represent certain groups within the population. Furthermore, others who may 
have fulfilled the criteria may have been omitted as the researcher did not select 
them. This approach would have been a useful strategy to have applied in this 
research since it would have enabled relative proportions of drivers who comprised 
each category to have been sampled. However, this technique was not considered 
as being possible due to the issue that was previously raised in not having a fixed 
and certain driver population from which to calculate quotas.  
This section has outlined the most commonly applied research sampling strategies 
and briefly discussed their applicability to this research. A pilot parking survey was 
undertaken prior to conducting the survey across a wider spatial context with a 
larger sample size. The pilot study will now be described.  
4.12 Stage 2: Quantitative (Pilot) On-Street Parking Survey 
It was decided to undertake a pilot study in the city of Lincoln within thirteen streets 
on which were provided on-street parking spaces of various specified time-
restrictions (including no time restriction) over a one-week timescale in October 
2013. The streets containing on-street parking were selected in order to represent 
different area types of the city and which were likely to have been used by drivers 
with various trip purposes. The aim of the survey was to investigate the factors 
which influenced driver search time for an on-street parking space. This aim was 
fulfilled by gathering primary data from structured, pre-prepared face-to-face driver 
questionnaire surveys. The pilot survey was administered prior to conducting a full 
on-street parking survey across a wider area that encompassed four cities.  
    4.12.1       Reasons for Conducting Pilot Study 
Administering a pilot survey enabled checks on the wording of survey questions and 
on the answer format, specifically: ensuring variation in individuals’ responses in 
order to avoid all individuals answering a question identically (which would not have 
subsequently formed a variable); identifying questions that may have made 
respondents feel uncomfortable or to lose interest; highlighting questions that 
seemed to be misunderstood or were not answered (due to confusing question 
wording, positioning within the survey, or instructions); ensuring questions flowed 
and how the question order could have been improved in order to avoid sudden 
changes of topic; and checking the adequacy of instructions given regarding the 
required format of answers. Conducting a pilot survey had the further advantage of 
enabling the Interviewer to become familiar with the questions and the answer 
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format, thereby, building confidence, ensuring any queries raised by respondents 
could be appropriately dealt with, and speeding up the process of conducting each 
survey.     
    4.12.2       Reasons for Selected Pilot Study Location 
Lincoln was selected as the pilot study location as, compared to the three other 
cities in the East Midlands region of the UK that were chosen for the on-street 
survey, it comprised the smallest population size; this differentiated it from the other 
three cities which were more closely matched in population size. A further reason for 
selecting Lincoln for the pilot study was that the city provided all on-street parking 
places free at the point of use, meaning a driver’s decision of choosing either to pay 
a parking charge and cease searching, or continue searching in order to locate a 
parking space without a fee, was not an available option. This differed from the other 
cities surveyed; all of which charged for some on-street parking. Where Lincoln 
possessed similarities with the other cities was that none of the on-street parking 
spaces in the areas investigated were able to be reserved in advance of a driver’s 
arrival at their destination. A further similarity was that some parking areas in each 
city specified time restrictions of differing durations, while other parking places were 
without time restriction and able to be used by individuals at any time of the day or 
night and for unlimited duration.  
    4.12.3       Question Format and Method of Undertaking Survey 
Using a face-to-face survey distribution method enabled a high response rate, 
clarification of questions, and comprehensive data collection. Structured 
questionnaires were used to increase survey reliability by ensuring all respondents 
were asked identically-worded questions in the same order. The surveys comprised 
three sections: questions 1 to 17 were concerned with understanding various 
aspects of each driver’s parking behaviour; questions 18 to 22 requested 
respondents’ socio-demographic and socio-economic details; and questions 23 to 
27 were completed by the Interviewer and contained details on the survey location 
(city and area), day and month of the survey, and the weather conditions. A copy of 
the pilot survey is included in Appendix Ia. The survey was written and timed to be 
able to be completed by respondents in ≤5 minutes; a longer time was required only 
if respondents wanted to expand their answers or if they asked for a question to be 
repeated. In order to maximise the sample size, individuals were approached either 
as they arrived at a parking place or as they returned to their vehicle after having 
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parked and visited their destination. In areas where a maximum parking duration of 
30 minutes was permitted, drivers were more often approached after having 
completed their task and returned to their vehicle, as this was thought to potentially 
provide a higher likelihood of receiving a positive response on the part of the 
individual in the request to complete a survey. In areas of permitted duration 
exceeding 30 minutes, drivers were approached upon arrival or departure from the 
parking place, as it was felt these individuals may be more willing to complete a 
survey due to having more time afforded by the longer permitted parking duration. 
Drivers who were approached were informed that they were being asked to take 
part in a parking survey, which formed part of the data collection for PhD research at 
Loughborough University. To deter individuals from amending their preferred 
responses to answers that they may have considered more acceptable or that they 
thought the Interviewer may have wanted, no further details regarding the purpose 
of the survey were provided prior to completion. If, having completed the survey 
individuals enquired into the research purpose, then at this stage further information 
was given. Individuals were not identifiable from their responses as no personal 
details were taken from participating drivers. A personal Loughborough University 
identification (ID) card was carried by the Interviewer in order to provide a valid form 
of identification to display to respondents when initially approaching drivers to 
request participation in the survey. A high visibility waistcoat was worn by the 
Interviewer for safety reasons (as the survey was being conducted at the roadside) 
and additionally to reassure drivers that the survey was being conducted in an 
official capacity.  
     4.12.4       Response Rate and Observations Following the Survey 
A random sample of 125 drivers who were utilising on-street parking spaces was 
approached across the identified on-street parking areas and asked if they would be 
willing to participate in a survey. Of those drivers, 105 agreed to take part, which 
was an 84% response rate; with 16% non-response (20 drivers declined to take 
part). All survey questions appeared to be clearly understood by the respondents. 
This was interpreted from the fact that no participant requested clarification of the 
meaning of specific questions; furthermore, the answers that were received were in 
line with the responses that would have been expected. No unexpected responses 
were given which could have inferred a misunderstanding of the questions by the 
respondents or a lack of clarity in the question wording on the part of the 
Interviewer. Reasons for declining to participate were: ‘in a hurry’; ‘running late’; 
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‘busy’; ‘going to an interview’; ‘collecting a relative’; ‘unable to stand’; ‘not very well’; 
‘don’t give personal details to anyone’; or no reason given.  
     4.12.5       Challenges Faced in Conducting the Pilot Survey 
One challenge faced when conducting the pilot study was the difficulty in 
undertaking a paper-based survey in extremely wet weather conditions due to the 
paper becoming soaked and impossible on which to record responses. This 
operational difficulty was compounded by the lower levels of willingness on the part 
of drivers to complete a survey whilst becoming soaking wet. A further challenge 
related to highway characteristics, in that in some of the parking areas (notably 
Lower High Street), designated parking bays that contained between three and six 
spaces per marked bay had been installed on both sides of the carriageway along a 
length of road equating to approximately one mile in total. This created a challenge 
in reaching the bays and approaching drivers before they had parked and left their 
vehicles, due to the distance between bays and the busy nature of the road making 
crossing the traffic in order to reach the bays on the opposite carriageway difficult. 
This resulted in a lower response rate for this area than for other parking areas 
which had a greater number of spaces located in close proximity to each other.  
This section has described in detail a pilot on-street parking survey that was 
undertaken in the City of Lincoln. The pilot study was conducted prior to rolling out 
the quantitative parking survey on a wider scale in terms of sample size and 
geographical location. Following the pilot survey, amendments were made to the 
questionnaire content; the changes have been outlined in Chapter 6, which explains 
in detail the process of development of the parking survey. The next section 
describes the on-street parking survey that was conducted across four cities, which 
formed the main aspect of the quantitative data collection for this thesis. The 
discussion includes greater detail of the multi-stage convenience cluster sampling 
strategy that was applied to this research. 
 
4.13 Quantitative On-Street Parking Survey 
This section describes the primary data collection that was conducted by means of 
an on-street parking survey.  
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    4.13.1        Research Population 
The population, or universe, of units from which the sample was selected in this 
study comprised drivers of car or light-goods vehicles who had parked in one of four 
cities (Derby, Leicester, Lincoln or Nottingham) in a selected parking space that was 
located in any one of 98 streets in seven areas of each city that had been identified 
as having on-street parking available for use by the general public. The population 
was concerned only with on-street parking; therefore all drivers who had parked in 
publicly- or privately-owned off-street parking facilities, such as surface or multi-
storey car parks, were excluded from the study. The population was not only limited 
to residents of these cities; instead comprising individuals parking at on-street 
parking in the cities for a multitude of trip purposes including: work, social and 
entertainment, and shopping. It was therefore not possible to calculate an exact 
population size, given that the number of drivers parking in the cities fluctuated over 
days, weeks, and months. Furthermore, due to the large population size it was not 
feasible to conduct a survey of the entire population. Hence a sampling strategy was 
designed in order to obtain a representative sample of the population. From this a 
statistical method would be applied in order to test the likelihood that the 
characteristics of the sample would also be found in the population; thus enabling 
subsequent generalisation from the sample to the much larger population. The 
sampling strategy is outlined in the next section. 
    4.13.2        Sampling Strategy 
The sampling strategy, or sample design, entailed a (multistage) convenience 
cluster sampling approach, since the population was extremely large and it was not 
possible to compile a complete list of individuals within the population from which 
individuals could be directly sampled. Utilising a cluster sampling approach, a 
sampling frame composed of clusters (groups) of individuals was identified from the 
population from which the sample would be selected. Six clusters were identified 
and these are listed in Table 4.5, together with the specific categories incorporated 
within each cluster. 
  
   
 
97 
 
Table 4.5: Sampling frame for on-street parking survey 
Unit Classification 
City 
4 categories:  
 Derby 
 Leicester 
 Lincoln 
 Nottingham 
Area type  
(comprised             
98 streets across       
4 cities) 
 
(See Appendix IV) 
7 categories: 
 Core - shopping  
 Tourist  
 Events 
 Shopping (not core)  
 Peripheral - industrial (used by commuters) 
 Peripheral – hospital/train station/university  
 Residential (used by commuters)  
 
Parking charge 
 
6 categories: 
 No fee  
 <£1.00  
 £1.00-£1.99 
 £2.00-£2.99  
 £3.00-£3.99  
 £4.00-£4.99 
Sex of driver 
2 categories:  
 Male 
 Female 
 
Age of driver 
6 categories: 
 <26 years  
 26-35 years  
 36-45 years 
 46-55 years 
 56-65 years 
 >65 years 
Ethnicity of driver 
3 categories:  
 White 
 Asian / Asian British 
 Other 
 
These clusters initially comprised contextual higher-level (Level 2) factors; these 
were: city, area type, and level of parking charge. Stemming from the contextual 
variables, individual (Level 1) factors were identified; these comprised: driver age, 
sex, and ethnicity. From the six clusters a stratified convenience sampling approach 
was undertaken, firstly utilising Level 2 variables followed by Level 1 variables, with 
individual drivers being approached and requested to participate in the survey 
according to perceived membership of the various groups. To provide an example of 
how this approach worked in practice: one sample would have been obtained by 
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travelling to one out of four cities, locating in one out of seven area types, within one 
of six parking charge areas situated on one particular street. From this contextual 
position, drivers would have been approached based upon perceived membership 
of each of three individual categories, in order to obtain a representative sample 
from each group, out of two categories of driver sex, six categories of driver age, 
and three categories representing driver ethnicity. While each driver potentially had 
an equal chance of being selected, if two or more drivers arrived to park 
simultaneously, a decision was taken as to which individual to approach first (since 
the survey could not take place with several drivers at the same time). In these 
circumstances, the Interviewer took the decision based upon perception about the 
drivers’ membership of specific groups; thus, a driver who was thought to belong to 
a group in which fewer drivers had been surveyed would be approached initially. 
While an attempt was made to survey a random sample of drivers, since the nature 
of the survey meant that it relied upon drivers being present and available at 
particular on-street parking places at times when the survey was being conducted, 
(between 07:00 and 19:00), the approach developed into a non-random, natural, or 
convenience, sampling strategy (Collis and Hussey, 2009). The sample was 
therefore less representative of the entire population, since only drivers who were 
parking in the on-street spaces within the streets in which the survey was being 
conducted, and who were therefore self-selected by virtue of their happening to 
choose to park at these times could be surveyed (Bryman, 2012). However, from the 
drivers that were present in the streets in which the survey was undertaken, each 
had an equal chance of being selected; with the exception being that outlined 
previously, when several individuals parked simultaneously and a choice had to be 
made as to whom to approach.  
    4.13.3        Research Sample 
The sample, or subset, of the population was selected in order to participate in an 
on-street parking survey. Due to the heterogeneity of the population, whereby a 
large and varied population existed among drivers choosing to park in each city, it 
was important to obtain a sufficiently large sample. Having a large sample would 
enable the hypotheses to be addressed, represent the population, and allow results 
to be generalised to the population from which the sample was selected. A further 
advantage of having a large sample was to reduce the effect of random data or 
outliers, which may have appeared as having a strong effect if the sample size was 
small (Field, 2009). In addition, increasing the sample size also increased the likely 
precision of a sample, which had the effect of decreasing the standard error 
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(Bryman, 2012). According to Krejcie and Morgan (1970) the suggested sample size 
from a given population for (four cities with) a total population of ≥1,000,000 is 384. 
Meanwhile, Kreft and de Leeuw (1998) state that when cross-level interactions are 
involved >20 contexts should feature in the higher-level variable and that group 
sizes should avoid being too small. The importance of the number of contexts 
relative to individuals within those contexts was similarly highlighted by Twisk 
(2006). Given the population sizes of the cities in the survey (Derby: 248,752; 
Leicester: 329,839; Lincoln: 93,500; and Nottingham: 310,800) it was important to 
obtain a sample size of at least 384, with a larger sample being the aim in order to 
more accurately represent the population.  
The survey sample therefore comprised 1,002 drivers across 98 streets (a higher-
level contextual variable) in the four cities: Derby, Leicester, Lincoln, and 
Nottingham. The number of individual drivers who had parked at on-street parking 
spaces resulted in the sample size for each city as: Derby 217; Leicester 249; 
Lincoln 204; and Nottingham 332. It should be noted that the sample sizes were not 
calculated to represent an equal proportion of the overall population of each city; 
however, the intention was to obtain a similar number of respondents across cities 
and to maximise the overall number of observations in the sample, while ensuring 
sampling occurred of respondents who belonged within, and represented, each of 
the clusters. It should be noted that a total of 109 streets across the four cities that 
contained on-street parking had initially been identified for the undertaking of the 
survey. Ultimately, however, not all of the streets were utilised in the survey, since 
11 did not contain any potential respondents (drivers who had parked at an on-street 
space) at the times when the survey was being conducted. If the survey were to 
have been conducted in several streets simultaneously, it is likely that respondents 
would have been identified across all 109 streets. However, since the on-street 
parking surveys were conducted by a single interviewer (with the exception of the 
Enumerators, who worked in pairs) it was not possible to undertake surveys with 
drivers in multiple locations (streets) simultaneously. Hence, although these streets 
formed part of the on-street parking supply and were approached during the 
conducting of the survey, no data was able to be collected at that time. A further 
important point of note is that each respondent participated in the survey on only 
one occasion. Given the nature of the study, which entailed approaching potential 
participants in an area over a period of several days on repeated visits to the same 
on-street parking places, the potential existed in which the same individuals would 
have been approached on more than one occasion. If this occurred, it was clearly 
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stated that respondents were asked to complete the survey only once in order to 
avoid duplicated results.  
This section has described the sampling strategy for undertaking the on-street 
parking survey. The next section explains the procedure for undertaking the survey, 
including a detailed explanation of the questionnaire format. 
    4.13.4        Procedure for Undertaking the Survey and Questionnaire  
                       Format 
Employing a face-to-face survey distribution method had the advantages of 
obtaining a high response rate, and enabling clarification of questions and 
comprehensive data collection on various elements of interest around the research 
topic. The survey was divided into three sections which comprised: Section A: 
parking factors; Section B: socio-economic factors; and Section C: to be completed 
by Interviewer. A copy of the survey is included in Appendix Ib. No filter questions 
were included; hence, all questions needed to be completed either by the 
respondents (Sections A and B) or the Interviewer (Section C). Questions which had 
multiple answers used show-cards to list all the possible responses to show to the 
participant, thereby avoiding the Interviewer having to read out all the answers and 
risk the respondent losing interest in the survey and/or forgetting some of the earlier 
options that were read out and thus introducing a bias towards choosing answers 
that appeared later on in the list. Questions 1 to 16 focused on the salient elements 
of the research; namely, understanding the factors that may have influenced drivers’ 
parking search time. Questions 17 to 24 were classification questions, which asked 
about respondents’ socio-demographic and socio-economic details, in order to 
enable the sample to be described and relationships examined between sub-sets of 
the sample. The potentially uncomfortable question for drivers, which requested a 
figure for annual income, was inserted towards the end of the section of questions 
that were required to be completed by the respondents, and incorporated income 
bands from which drivers were asked to select a particular income group rather than 
asking for a specific figure. If, after having asked a closed question of the 
respondent, the given reply did not allow one of the pre-designed answers to be 
selected, the question was repeated and accompanied by the statement stressing 
that a response needed to be chosen from the fixed answers that were provided. 
Question 24 comprised the only open question in the survey and which asked 
drivers if they had any comments; this was therefore an optional question. 
Questions 25 to 33 were also classification questions, although these were required 
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to be completed by the Interviewer since they contained aspects such as: survey 
location (city and street); amount of parking charge payable (if any); date and time of 
the survey; weather conditions; and drivers’ vehicle details.  
In order to maximise the potential number of responses, individuals were 
approached either as they arrived at a parking place or as they returned to their 
vehicle after having parked and visited their destination. In areas where parking was 
restricted to a maximum of 30 minutes, drivers were more often approached after 
having completed their task and returned to their vehicle, as this was thought to 
have provided a higher likelihood of receiving a positive response on the part of the 
individual in the request to complete a survey, rather than concern being expressed 
by drivers about using up their 30 minutes of allotted parking time. In areas where 
permitted parking times exceeded 30 minutes, drivers were approached either upon 
arrival or departure from the parking place, as these individuals indicated greater 
willingness to participate in a survey due to having more time afforded by the longer 
permitted parking time. After initially providing a brief outline about the research 
focus, confidentiality of responses and participant anonymity were highlighted, in 
order to provide reassurance to potential respondents that they would not be 
identifiable by their responses, nor would their answers be shared with other 
individuals or organisations. To encourage survey completion, the short length of 
time (less than 5 minutes) required in order to undertake the survey was 
emphasised to potential participants. In order to reduce the likelihood of individuals 
adjusting their preferred responses to instead offer answers that may have 
considered as being more appropriate, acceptable, or that they thought the 
Interviewer may have preferred or been looking for, no further details regarding the 
purpose of the survey were provided prior to completion. If, having completed the 
survey individuals enquired into the research purpose, then at this stage further 
information was given. Individuals were not identifiable from their responses as no 
personal details were taken from participating drivers. A personal Loughborough 
University identification (ID) card was carried by the Interviewer in order to provide a 
valid form of identification to display to respondents when initially approaching 
drivers to request participation in the survey. A high visibility waistcoat was worn by 
the Interviewer for safety reasons (as the survey was being conducted at the 
roadside) and additionally to reassure drivers that the survey was being conducted 
in an official capacity.  
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While all of the surveys in three of the cities (Derby, Leicester, and Lincoln) were 
conducted by the same single Interviewer, some of the survey data in Nottingham 
were collected with assistance from Enumerators in addition to surveys undertaken 
by the same Interviewer as had conducted surveys in the three other cities. The 
Enumerators were individuals who were employed by Nottingham City Council for 
the purpose of undertaking surveys on behalf of the Council. An explanation of this 
arrangement is described in the following section.  
In order to obtain a larger sample size within the time constraints of the study, a 
bursary fund to the value of £1,500 was applied for and awarded by the British 
Parking Association to assist with survey data collection in the city of Nottingham. 
The bursary paid for employment of four Enumerators, working in two pairs, 
between the hours of 07:00 and 19:00 for seven days, comprising Monday to Friday 
in week one and Wednesday to Thursday in the second week. One pair of 
Enumerators worked five days during the first week; the other couple worked for two 
days during week two. Prior to instructing the Enumerators about which streets in 
Nottingham to target and at which times of day to focus on specific areas, two 
scoping visits were undertaken to the city to observe the situation regarding the 
number of vehicles parking at different areas of the city and during various time 
periods. This provided an informed overview of parking occupancy and turnover 
across the city and enabled specific instructions regarding survey locations to be 
provided to the Enumerators prior to commencing the surveys. Instructions 
incorporated three approaches. The first approach comprised a schedule that was 
based upon a sampling frame designed to include various streets with specified 
days and times in which the on-street survey was to be conducted. A copy of the 
schedule for Week 1 and Week 2 is included in Appendix IIb and Appendix IIc. The 
schedule focused on streets that were known to be utilised by drivers having 
different trip purposes at particular times of day. For instance, streets that had been 
identified as typically being used by commuters were surveyed during the time 
period 07:00-08:30, since after this time all parking spaces had become occupied 
resulting in very little turnover during the day as most drivers who parked in these 
places were long-duration (all day) parkers.  
In addition to the written schedule, records had been made during the scoping visits 
of the number designated to each parking meter on every street (Appendix IId). 
Streets that were longer in length and which incorporated many more parking 
spaces than did shorter streets had up to three parking meters, each with a specific 
number (for example, ZN1072). The letters ZN were used as an abbreviation of 
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‘zone’. The first number, in this example, ‘1’, but on other meters could have been 
alternatively categorised as ‘2’ or ‘3’, indicated the proximity of the zone to the core 
city centre; ‘1’ referred to core parking zones, ‘2’ indicated a meter that was located 
between core and peripheral areas, and ‘3’ was allocated to meters that were 
situated towards the outer areas of the city. During the scoping visits and also based 
on information contained in records obtained from Nottingham City Council of 
parking meter revenue, notes were taken of meters that received greater usage by 
drivers, which indicated these areas as being busier with more parking activity 
occurring. Hence in order to have the potential to maximise survey responses, 
parking meter details were given to Enumerators about the typically busiest 
stretches for streets which contained several meters. It is important to note that, 
while all streets within specified areas of the city were included in the survey 
schedule irrespective of whether or not the meters had a high usage rate, for streets 
which were of a much longer length and which would have entailed a lot of time 
spent walking up and down for the Enumerators, it was thought to be more 
productive in terms of time to focus on targeted sections per street rather than 
attempting to survey entire streets. 
The third form of instruction comprised a meeting held with the Enumerators in 
which the survey process was outlined and the schedule discussed. Furthermore, 
Enumerators were provided with written instructions about how to conduct the 
survey and details that were required to be recorded. These instructions are 
provided in Appendix IIa. The surveys conducted by the Enumerators were 
supplemented by additional surveys which were conducted at weekends and on 
further weekdays in the city, in order to ensure that all days of the week were 
covered and thereby obtaining a more representative sample of parking search in 
Nottingham.  
This section has described the procedure for conducting the on-street surveys, 
including questionnaire format and the assistance received from Enumerators for 
part of the data collection in the city of Nottingham. An important element of 
quantitative research is a consideration of validity and reliability, in terms of how 
generalisable the research is to a wider population. These aspects are examined in 
the context of this research in the following section. 
4.14 Parking Survey: Validity and Reliability 
Measurement validity in research is the extent to which an instrument actually 
measures what it sets out to measure (Collis and Hussey. 2009; Field, 2009). 
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Internal validity threats may reduce the ability to deduce correct inferences from the 
data about a sample or population; while external validity threats arise when 
incorrect inferences are extended from the sample data to other samples or 
populations. Statistical conclusion validity also exists, which occurs when, for 
instance, inaccurate inferences are drawn from data arising from violation of 
statistical assumptions (Creswell, 2009). For this research, validity has been 
increased by devising survey questions that accurately measured the research aim 
and objectives; namely, to investigate the influence of specified factors on on-street 
parking search time, and by avoiding confusing or conflicting questions. Construct 
validity has been applied by the generation of hypotheses for potential factors 
affecting parking search time from literature detailing prior research, and through a 
scoping study undertaken with local authority employees who had responsibility for 
planning and implementing parking policy (Bryman, 2012; Collis and Hussey, 2009; 
Creswell, 2009). In this study, validation of the data was important in order to ensure 
the primary data that was collected by conducting an on-street parking survey 
provided an accurate (valid) measurement of the factors that affected parking 
search time. Validation might be obtained by repeating the survey with a smaller 
sample of drivers who were parking on-street in each of the four cities. This would 
ensure the findings for factors such as search time and walk time demonstrated 
similar times as were found during the full survey, thereby indicating data validity.  
Reliability is concerned with whether an instrument is able to be interpreted 
consistently across different situations. Reliability could also be described as 
indicating whether a measure produces the same results under the same conditions 
(Field, 2009), or as to the absence of differences in results if the research were to be 
repeated (Collis and Hussey, 2009). Reliability is therefore concerned with whether 
a measure demonstrates stability; whether a measure is stable over time and 
confidence can be held that results relating to that measure for a respondent sample 
will not fluctuate. Internal reliability is also important; that is, whether respondents’ 
scores on any one indicator are related to their scores on other indicators. A further 
element of reliability concerns inter-observer consistency; which is concerned with 
ensuring consistency in the recording of observations or in data-coding responses 
into categories; when a subjective element is particularly prevalent that could give 
rise to inconsistencies between individuals responsible for classifying respondents’ 
answers, for example (Bryman, 2012). Utilising a structured, or standardised, 
questionnaire survey technique increased the reliability of the survey by ensuring 
respondents were asked identically-worded questions in the same order at which 
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they appeared in the questionnaire, and by providing respondents with a limited, 
specific, and fixed choice of possible answers. This approach enabled 
standardisation of both the asking of questions and the recording of answers; 
thereby reducing error arising from intra-interviewer variability, or variation, in the 
asking of questions rather than through true variation in drivers’ responses, and 
greater accuracy in and ease of processing responses, thus enabling survey 
responses to be more effectively aggregated and quantitatively analysed (Bryman, 
2012).  In addition to asking questions in the order in which they appeared and using 
identical wording, it was also important to ensure stimulus equivalence among 
respondents, in order that each participant understood every question in the same 
way. This was achieved by reading each question slowly, using the same intonation 
and emphasis, and by displaying interest, but not approval or disapproval when the 
respondents answered (Bryman, 2012). 
An additional element that stems from validity and reliability of research, concerns 
that of generalisability, or generalisation; which is the extent to which research 
findings from a selected sample can be extended to other samples (or populations) 
and to other contexts (Collis and Hussey, 2009). This section has outlined the 
importance of considering validity and reliability in research and explained how 
these elements have been increased in this thesis. The next section discusses the 
third stage of the research that comprised further interviews with Council Officers. 
Here, the findings of the parking survey were discussed and the opinions of Council 
Officers ascertained about how the research findings might affect future decisions 
about parking policy within local authorities. 
 
4.15 Stage 3: Qualitative Interviews of Council Officers to Discuss Findings 
of Parking Survey and Implications for Future Policy  
The third and final stage of this research was to undertake further qualitative 
interviews with local authority Council Officers in order to explore the findings of the 
research and to ascertain their perspectives on future parking policy decisions. 
Council Officers within each local authority in the East Midlands were contacted and 
asked if they would be willing to take part in interviews to discuss the research 
findings and potential policy implications. This resulted in interviews taking place 
over a two week period in July 2015 with six Council Officers who occupied posts as 
senior Transport and Parking Officers within the original City and County Councils in 
which Officers were interviewed about parking search in Autumn 2013 (Table 4.6). 
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Table 4.6: Local authority interview respondents 
ID Position Council 
1 
Civil Parking Enforcement Manager  
Network Management 
Derbyshire County Council 
2 
Transport Manager  
Economy, Transport and Environment 
Group 
Derbyshire County Council 
3 
Transportation Data Manager 
Economy, Transport and Environment 
Group 
Derbyshire County Council 
4 
Group Manager  
(Transport Strategy and Projects) 
Leicester City Council 
5 
Parking Manager  
Transport and Accessibility Directorate 
Lincolnshire County Council 
6 
Project Support Officer 
Transport and Commercial Services 
Nottingham City Council 
 
Questions were provided in advance to each respondent to allow for consideration 
of the findings and reflection upon potential future parking policies. Interviews were 
conducted at pre-arranged times by telephone and lasted for between 45 minutes to 
one hour in duration. Following an initial question that asked respondents about their 
opinions on the result for the amount of search time that was indicated in the cities, 
other questions focused upon the significant factors that had been identified as 
having influenced parking search time, following statistical modelling analysis. 
These factors comprised: time of arrival at a parking place; parking charges; walking 
time to a destination and area type. A further question asked about Council Officers’ 
perspectives on future technological developments in the parking field and the 
potential impact of such advances on parking policy decisions. The complete set of 
questions is indicated in Table 4.7. 
Table 4.7: Council Officer questions (research findings) 
1 What are your thoughts on the average search time of 1.42 minutes?  
Does this fit with your perception of search time in your city? 
2 What is your opinion of the main factors that were found to influence parking search 
time? Were these the factors you might have expected to affect drivers’ search time? 
3 Can you tell me how the following factors that were found to be particularly significant 
in influencing search time might be considered within any discussion of future parking 
policy at [name of Council]? 
a. Time of arrival at a parking place; 
b. Parking charges; 
c. Area type (for instance, peripheral areas popular with commuters where higher 
levels of search time occurred); 
d. Walk time to a destination from a parking place. 
4 How might drivers’ increasing reliance on new technology such as smartphone apps 
and the internet affect their expectations of how this relates to their parking experience 
(for example, being able to locate, reserve and pay for a parking space in advance)? 
How might [name of Council] manage these expectations? 
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The findings from discussion with Council Officers which ascertained their opinions 
and potential policy implications are reported in Chapter 8. The final section of this 
chapter describes the development of the linear regression statistical models that 
were applied in this study, commencing with a single-level linear regression model 
through to a detailed explanation of a multilevel model that was applied in this 
research. 
4.16 Development of Linear Regression Models 
It was decided that regression modelling analysis was an appropriate statistical 
modelling technique to apply to analysis of the variables in the quantitative survey 
dataset, since regression modelling enabled the association between two variables 
to be statistically assessed; namely the dependence of one variable (the dependent 
variable) on one or more independent variables. By calculating the association 
between variables, the effect of how much the value of the dependent variable (i.e. 
parking search time) changed with the increase (or decrease) in the value of the 
independent variable could be analysed. Furthermore, by fitting a statistical model to 
the data in the form of a straight (regression) line, the model could be utilised to 
predict an approximate average value of the dependent variable at the fixed values 
from one or more independent variables.  
    4.16.1       Simple Linear Regression Model 
The basic linear regression model with a single explanatory (independent) variable 
is: 
Yi = b0 + b1Xi + ui 
Where Y is the dependent variable, X is the independent variable and u is the 
disturbance, or residual, or error, term. b0 and b1 are unknown but fixed parameters 
known as the regression coefficients. b0 is also known as ‘intercept’, which is 
interpreted as the expectation (average) of Y when all the explanatory variables in 
the model take the value zero; intercept therefore represents the conditional 
expectation of Yi when Xi = 0. The fixed parameter b1 is also known as ‘slope 
coefficient’. Slope coefficient represents the difference in conditional expectations 
when Xi increases one unit. Two components of Y can be distinguished: b0 + b1X  is 
the deterministic, or exact, component; u is the stochastic or random component.  
The stochastic error term u is assumed to have expectation zero, be normally 
distributed, have constant variance, independent of other residuals, uncorrelated 
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both with explanatory variables in the model and across observations, and indicates 
the extent to which a fixed part prediction of the value Y from the model deviates 
from its actual value (Fielding and Goldstein, 2006). It also indicates measurement 
error in Y, inherent uncertainty, or unobserved variability in responses due to effects 
that are unable to be observed or are not explicitly included in the model, such as all 
those independent factors that affect parking search time but are not explicitly taken 
into account. Therefore, the addition of the error term enables recognition that the 
relationship between the dependent and independent variables is not exact. 
Explanatory variables may have been excluded from a model for various reasons. 
These reasons include: unavailability of data; reasons of uncertainty or 
unawareness about precisely which variables may have affected Y; focusing on core 
rather than on peripheral variables, which may have had minimal influence on the 
dependent variable; intrinsic randomness in human behaviour which could not have 
been explained even if all relevant variables were able to have been included in the 
model; or for the purpose of parsimony, that is, keeping the regression model as 
simple as possible (while ensuring that relevant and important variables were 
included) (Gujarati and Porter, 2009). In addition to assuming that the conditional 
expectations fall on a straight (linear) line, the simple regression model assumes the 
conditional variances (residual variances) of the Yi are equal for all Xi, which is 
known as the homoskedasticity assumption. This assumes that the homoskedastic 
residuals have equal variance; they are equally dispersed around the fitted line at all 
values along that line. Otherwise, the residuals are heteroskedastic; having unequal 
variance. If assumptions have been violated, generalisation of model findings 
beyond the sample is not possible. 
     4.16.2       Multiple Linear Regression Modelling 
Whereas a simple regression analysis investigates the dependence of a variable on 
only a single independent variable, it may be that many explanatory variables 
potentially have an effect on a dependent variable and should therefore be included 
in the modelling analysis. This technique is known as multiple linear regression 
modelling and enables analysis of the relationship between a dependent variable 
and multiple predictor variables to be performed. Furthermore, multiple regression 
modelling enables the effect of other variables (variables other than those 
specifically being studied) that might predict the response variable to be controlled 
or adjusted for. While a multiple regression model explicitly includes multiple 
explanatory variables that may have an effect on the dependent variable, the 
emphasis remains on individual characteristics and ignores the existence of shared 
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contexts and the effect of these on the dependent variable. The next section 
describes an approach which enables these contexts to be explicitly included within 
a statistical model. 
     4.16.3       Multilevel Linear Regression Model 
When individuals form into groups or clusters, it might be expected that two 
randomly selected individuals from the same group will tend to be more alike than 
two individuals selected from different groups (Steele, 2008). The statistical 
modelling approach that enables such dependencies to be analysed through 
complex structures involving hierarchies of units of observation is known as 
multilevel linear regression modelling. It may also be called hierarchical linear 
regression modelling, mixed modelling, random effects modelling, and variance 
components modelling (Steele, 2008). Thus, extending the multiple regression 
modelling approach which incorporated many variables to take account of shared 
contexts as well as individual effects leads to a modelling approach that is applied to 
clustered, or nested, data, in which variables are assigned at different levels (Level 
1, Level 2, and so on) within a model, as shown in Figure 4.4. The atomic units are 
those at the lowest level of the system, and are often individuals. These units 
(individuals) are then grouped into higher-level (contextual) units. Multilevel models 
do not require balanced data; that is, the same number of lower level units in every 
higher-level unit (Rasbash, 2008). 
Figure 4.4: Two-level hierarchical structure 
Place 1
P
e
rs
o
n
 2
P
e
rs
o
n
 1
P
e
rs
o
n
 n
i1
…… P
e
rs
o
n
 2
P
e
rs
o
n
 1
P
e
rs
o
n
 n
i2
…… P
e
rs
o
n
 2
P
e
rs
o
n
 1
P
e
rs
o
n
 n
ij
……
Place 2 Place j…………………
 
This statistical technique assumes the existence of cross-level interaction causal 
effects between variables located at different levels. It is able to model covariates at 
different levels simultaneously without need for aggregation; thus reducing the risk 
of ecological fallacy, when conclusions are made about individuals based on 
analyses of group data alone; and the converse, atomistic or exception fallacy, when 
Level 2 (j) 
Level 1 (i) 
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an erroneous inference about causal relationships in groups is made on the basis of 
relationships observed in individuals. It is able to correct standard errors, which in an 
ordinary least squares regression model would typically be underestimated and 
likely to lead to an increase in variables falsely being considered as statistically 
significant and giving rise to Type I errors (false positives) (Garson, 2013). The 
model utilises fixed- and random-effect classifications; a feature of the multilevel 
model is that it is explicitly recognised that there are two random variables, one at 
each level of the data structure. It is important to include random-effect coefficients 
in the model since fixed-effect coefficients typically report understated estimates of 
their precision through standard errors, which can lead to the conclusion that 
explanatory variable effects are statistically significant, when in a correctly specified 
model they would not be (Fielding and Goldstein, 2006). In order to achieve a well 
specified model and high level of ‘goodness of fit’ between the model and the data 
as many important fixed effects as possible are included within the model.   
    4.16.4       Development of the Multilevel Linear Regression Model in this  
                     Research 
A multilevel modelling approach has been applied in this study, wherein data on 
parking search time and its influencing factors were collected from 1,002 individual 
drivers across 98 streets in four cities. This implied that our data were inherently 
nested; in which individual drivers were nested within streets. Since individuals were 
clustered within streets, drivers travelling to a specific street may have perceived a 
similar level of issues relating to parking search as they shared the same road 
geometry, traffic characteristics, charging mechanism, level of parking demand and 
supply, and other street characteristics. This is known as within-cluster correlations 
(Heck and Thomas, 2009). Drivers from different clusters (i.e. streets) may have 
also perceived different types of parking search issues due to the fact that their 
personal circumstances and attitudes towards parking were different and there were 
variations in street characteristics in terms of parking charge, time restrictions for 
free-of-charge on-street parking, and demand and supply of parking. This is known 
as between-cluster variations (Heck and Thomas, 2009). The difference in the 
within-cluster effect of the aggregated covariate is also known as a contextual effect, 
in contrast to a compositional effect of a between-cluster effect of the aggregated 
covariate (Rabe-Hesketh and Skrondal, 2008). This hierarchical data structure of 
parking search time comprising drivers nested within streets was adapted from a 
general multilevel model (Figure 4.4) and is depicted in Figure 4.5.  
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Figure 4.5:  A two-level hierarchical data structure on parking search time 
Street 1
D
riv
e
r 2
 
D
riv
e
r 1
 
D
riv
e
r n
i1
…… D
riv
e
r 2
 
D
riv
e
r 1
 
D
riv
e
r n
i2
…… D
riv
e
r 2
 
D
riv
e
r 1
 
D
riv
e
r n
ij
……
Street 2 Street j…………………
 
 
Multilevel models can have different combinations of fixed and/or random 
parameters, which create three specific types of multilevel model. These are 
depicted in Figures 4.6, 4.7 and 4.8. The first of these diagrams (Figure 4.6) is the 
random-intercept model, which has a fixed slope coefficient, as shown by the 
parallel lines, but the intercept varies across contexts (or groups). In terms of this 
thesis, a random-intercept model would assume that an independent variable would 
have the same influence on parking search time within each street (i.e. specific 
streets would be assumed not to affect the influence of an independent variable on 
search time). 
 
Figure 4.6: Random Intercept Model 
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Figure 4.7 shows a second type of multilevel model; one that is known as a random-
coefficient (slope) model, whereby the intercept is fixed but the slope coefficient is 
random and varies across contexts. This is depicted in the different slope 
coefficients for the 98 streets within this research, meaning that an independent 
variable is assumed not to have the same influence on parking search time in each 
of the streets (i.e. different streets are assumed to affect the influence of an 
independent variable on parking search time). 
 
Figure 4.7: Random Coefficient (Slope) Model 
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The third multilevel model that is shown in Figure 4.8 (and the model that has been 
applied to the data analysis in this thesis) is the random-intercept and random-
coefficient (slope) model. In this model, both the intercept and the slope coefficient 
are random and are assumed to vary across contexts. 
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Figure 4.8: Random Intercept and Random Coefficient (Slope) Model 
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In clustered data it is important to allow for dependence or correlations among the 
responses observed for units belonging to the same cluster (within-cluster 
correlations) and to allow for variations among units belonging to different clusters 
(between-cluster heterogeneity). These two terms actually describe the same 
phenomenon; both within-cluster correlation and between-cluster heterogeneity are 
zero when there is no between-cluster variance, and both increase when the 
between-cluster variance increases relative to the within-cluster variance. 
Consequently, in this study, a statistical model needed to be chosen in such a way 
that the model was capable of jointly controlling both within- and between-cluster 
variations. One such statistical model was a multilevel linear regression model that 
could allow for dependency of parking search time within streets and could examine 
the extent of between-city variation in the perception of parking. The univariate 
model (one dependent variable) is shown in the following equation: 
 
𝑌𝑖𝑗 =  𝛽0𝑗 + 𝛽1𝑗𝑋𝑖𝑗 + 𝑒𝑖𝑗      (1) 
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Where Yij is the dependent variable representing the amount of parking search time 
of driver i in street j,  𝑋 is a driver-level independent variable, e is the driver-level 
residual (error term) that is independent across observations and follows a normal 
distribution with a zero mean and a constant variance i.e. 𝑒 ~𝑁(0, 𝜎𝑒
2). 𝛽0 and 𝛽1 are 
parameters of the model, or numbers that relate to the population, which will be 
estimated from the data. A positive 𝛽 value indicates a positive relationship between 
the predictor and outcome; whereas a negative coefficient value represents a 
negative relationship. The 𝛽 values also indicate the degree to which each 
explanatory variable affects the dependent variable, if the effects of other predictors 
are held constant (Field, 2009). 
 
𝛽0𝑗 = 𝛾00 + 𝛾01𝑍 + 𝑢𝑜𝑗                   𝑢0~𝑁(0, 𝜎𝑢0
2 )                      (2) 
 
𝛽1𝑗 = 𝛾10 + 𝛾11𝑍 + 𝑢1𝑗                    𝑢1~𝑁(0, 𝜎𝑢1
2 )                      (3) 
 
(
𝑢0𝑗
𝑢1𝑗
) ~ 𝑀𝑉𝑁(𝟎,𝑢), 𝟎 = (
0
0
) ,𝑢 = (
𝜎𝑢0
2 𝜎𝑢01
𝜎𝑢10 𝜎𝑢1
2 ) 
 
Where: 𝛾00 is the overall mean parking search time (per driver) across cities; 𝑢0𝑗 is 
the effect of city j on the parking search time (i.e. a city-specific effect or city-level 
residual that follows a normal distribution with mean zero and variance 𝜎𝑢0
2 ); 𝛾01 is 
the coefficient for the city-level variable; Z is a city-level independent variable; 𝑢1𝑗 is 
the city-specific random slope for the driver-level variable and this is also assumed 
to follow a normal distribution with mean zero and variance 𝜎𝑢1
2 ; 𝜎𝑢10 = 𝜎𝑢01 indicates 
the covariance between 𝑢0𝑗 and 𝑢1𝑗. The total variance is therefore partitioned into 
two components: the between-group variance 𝜎𝑢
2 based on departures of group 
means from the overall mean, and the within-group between-individual variance 𝜎𝑒
2 
based on individual departures from group means (Steele, 2008). Utilising equations 
(2) and (3) into equation (1) yields the following model: 
 
𝑌𝑖𝑗 =  𝛾00 + 𝛾01𝑍 + 𝛾10𝑋 + 𝛾11𝑋𝑍 + 𝑢𝑜𝑗 + 𝑢1𝑗 𝑋 + 𝑒𝑖𝑗              (4) 
 
Where 𝛾11 is the coefficient for the cross-level interaction term. If it is thought that 
equation (3) should not include any upper-level covariates, or explanatory variables, 
(i.e. Z), then equation (4) would not have any cross-level interaction terms.  
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It is noticeable that equation (4) contains both fixed-effects (𝛾00 + 𝛾01𝑍 + 𝛾10𝑋 +
𝛾11𝑋𝑍) and random-effects (𝑢𝑜𝑗 + 𝑢1𝑗 𝑋) therefore, this can be termed a multilevel 
mixed-effect (random-intercept and random-coefficient) linear regression model. A 
multilevel model comprises two components: a fixed part which specifies the 
relationship between the mean of Y and explanatory variables, and a random part 
that contains the Level 1 and Level 2 residuals. Fixed classification comprises a 
small fixed number of categories, from which it is not possible to generalise to a 
wider population, but which is extended by adding more predictors. The values of 
parameters that are classified as random-intercept and random-coefficient (or 
random-slope) vary across contexts around the overall model. The random part is 
extended by allowing the effect of one or more predictor to vary across groups or by 
allowing the within-group variance to depend on explanatory variables (Steele, 
2008). Random-effects modelling is utilised when the set of values of a categorical 
explanatory variable are seen not as a complete set but instead as a random 
sample from a wider population of units (Garson, 2013). It therefore allows 
inferences to be made over a wider population and is more statistically efficient than 
estimating a large number of fixed coefficients (Fielding and Goldstein, 2006). 
Equation (4) can easily be generalised into the case in which multiple driver-level 
and city-level independent variables can be incorporated as follows: 
𝑌𝑖𝑗 = 𝝑𝑾 + 𝜹𝑽 + 𝜺              (5) 
in which: W is a matrix containing the fixed-effects independent variables; 𝝑 is a 
vector of fixed-effects parameters; V is a matrix containing the random-effects; 𝝑 is 
the vector of random-effects; and 𝜺 is the vector of errors. A model without the 
inclusion of V can be termed as random-intercept linear regression model and a 
model without W can be termed as random-coefficient linear regression model. 
Equation (5) can be estimated using the maximum likelihood estimation method 
(Heck and Thomas, 2009). The maximum likelihood (ML) method (or large-sample 
method) is an alternative to the ordinary least-squares (OLS) estimation method. ML 
is the joint probability density of all the observed responses as a function of the 
model parameters; the aim being to discover parameter estimates that maximise 
this likelihood function, thus making the responses appear as ‘likely’ as possible. ML 
estimators possess favourable properties such as: consistency, whereby the 
estimates approach the true values as the sample size increases; and efficiency, 
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wherein estimates have the smallest possible sampling variance in large samples 
(Rabe-Hesketh and Skrondal, 2008). 
4.17 Conclusion 
This chapter has detailed the methodology of the research under investigation. The 
process of applying a pragmatism paradigm and case study approach has been 
explained and, how a pragmatist paradigm naturally led to the utilisation of a mixed 
methods data collection approach, has been outlined. The mixed methods approach 
applied in this thesis comprised three stages. The research commenced with the 
undertaking of qualitative interviews with local government authorities, in order to 
obtain the viewpoints of senior policy makers about their knowledge of parking 
search within the cities for which they had responsibility for implementing parking 
and transport policy. These interviews addressed a gap in knowledge that had been 
identified from the literature in Chapter 2, whereby parking search had not been 
explored from the perspective of parking policy makers. The findings from the local 
authority interviews are outlined in Chapter 5. 
The interviews with Council Officers were followed by the conducting of a detailed 
quantitative on-street parking survey with individual drivers in four cities in the East 
Midlands region of the UK. This stage of primary data collection resulted in a dataset 
of the factors that affected parking search, from the disaggregated perspective of 
drivers who had parked at on-street parking spaces in any one of ninety eight 
streets within the four cities in which this research was being undertaken. Both the 
survey content (question type and answer format) and location, in terms of streets in 
which the survey was conducted, were informed by the qualitative scoping study 
initially undertaken with Council Officers. The quantitative survey enabled collection 
of an extensive primary dataset on the factors influencing parking search, in addition 
to individual drivers’ socio-economic factors, utilising a multi-stage convenience 
cluster sampling technique. The large sample size (1,002 drivers) improved the 
survey objectivity and potential transferability of the findings beyond the case study 
area. The survey data was subsequently analysed by applying a sequence of single-
level and multilevel linear regression statistical models. This enabled initial analysis 
of the data by individual city, followed by subsequent in-depth hierarchical analysis, 
in which the significance of contextual factors (within- and between-city) on drivers’ 
parking search could be examined. The findings of the on-street parking survey are 
explored in Chapter 6 and Chapter 7. 
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The final stage of the mixed methods approach comprised further qualitative 
interviews with local authority Council Officers in order to obtain their perspectives 
on the results of the parking survey conducted with drivers and to consider how the 
findings might affect future parking policy decisions within the four cities in the East 
Midlands. The findings from this last stage of data collection are discussed in 
Chapter 8. In conclusion, therefore, this chapter has explained the data collection 
methodological techniques that have been utilised in this research and indicated the 
statistical modelling approaches that have been developed and applied to the data 
analysis. The next chapter reports the findings of qualitative interviews that were 
conducted with local government authority Council Officers within the four cities in 
which this research was being conducted. 
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5.1 Introduction 
The previous chapter has discussed the methodology that has been applied to 
this research. In order to inform the quantitative data collection stage of the 
research (the results of which are detailed in Chapters 6 and 7), and to explore 
parking search from the perspective of transport and parking policy makers, an 
initial qualitative scoping study was undertaken with local government Council 
Officers within the East Midlands region of the UK. This chapter details the 
findings of ten semi-structured interviews that took place with Officers who were 
employed in senior management roles within City, County or Borough Councils 
across four cities in the East Midlands. The interviews focused around important 
topics that had previously been identified from the literature around parking 
search. Detailed themes were elicited from the interviews by subsequent 
application of a thematic content analysis technique; the resultant themes are 
outlined in Table 5.1. This chapter explores the interview findings in sections 
categorised by theme and includes carefully selected quotes from respondents to 
illustrate important points and emphasise the main focus of each theme. In order 
to protect respondent anonymity, quotes included from individuals have been 
identified by respondent number, for example, ‘Respondent 1’.  
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Table 5.1: Themes identified from the interviews 
Overarching 
Theme 
Issue 
Traffic 
Traffic flow 
Congestion 
Parking  
Pricing 
Supply (capacity) 
Demand (varies) 
 
Parking Search 
Uncertainty over level of current search occurring 
Concern over potential impact on traffic flow 
 
 
 Spatial Patterns 
Between city core and peripheral areas 
Between cities and market towns 
Within cities (around key destinations) 
Temporal Patterns 
Time of day (mornings/evenings) 
Day of week (weekdays/weekends) 
Time of year (holiday periods/Christmas) 
Trip Purpose 
Different search patterns and likelihood of search varies for: 
 Commuters 
 Shoppers 
 Social/entertainment users 
 Tourists 
Parking Search 
Patterns  
Past – more search 
Present – less search (economic recession) 
Future – progressively more search  
 
Solutions to 
Parking Search 
Technological – cost prohibitive 
Policy Implications Willingness to implement  (if evidence of parking search) 
 
5.2 Traffic 
All Council Officers in the study identified the main traffic issue affecting UK 
towns and cities as congestion and the resulting effect on the economy through 
time delays. This was highlighted during an interview with Respondent 5, who 
stated that, “congestion is most certainly our main issue of concern and I think 
would be top of the list of traffic concerns for most [UK] cities”. Other issues 
focused on increasing travel demand through continuing growth in car ownership, 
usage, and reliance on the private-car as a primary transport mode. The 
respondents were concerned about the effect of these issues on air quality and 
emissions, particularly in terms of meeting future European legislative targets for 
air quality. 
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5.3 Parking 
When  asked  about  the  most  significant  parking  issues  affecting  cities  in  the  
UK,  the responses focused on how on-street parking impacts on traffic flow. 
The discussion also focused on the challenge in providing a level of parking 
within cities in order to maintain a thriving local business economy. Nottingham 
City Council found it difficult to balance a requirement to apply on-street parking 
charges as one measure to raise revenue in the city, against an opposing 
policy objective of maintaining traffic flow and encouraging more sustainable 
travel options. This dilemma was explained by describing a need to charge for 
parking at higher levels relative to Leicester and Derby, in order to increase the 
revenue obtained from parking in order to maintain the same level of service 
provision to the general public by the local authority. However, alongside this 
requirement was the need for the Council to reduce the number of vehicles 
travelling into and parking in the city, in order to meet sustainability targets and 
maintain a smooth traffic flow. It was difficult for them to balance the desire to 
encourage more vehicles in order to obtain higher revenues from parking while 
simultaneously being seen as promoting sustainable transport alternatives to 
private car use. The cost of parking was also raised as an issue in some cities, 
“...in some areas parking is quite expensive...” (Respondent 7); in particular, the 
perceived high cost from the point of view of drivers. The negative perception 
among the general public about robust enforcement of illegal parking was 
mentioned as being a problem; however, the alternative view was that strict 
enforcement gave rise to increased turnover, which benefited drivers and local 
businesses.  More  specific  issues  related  to  a  lack  of  appropriate  parking  
provision  for different trip purposes (such as commuters, shoppers and leisure 
users) for which varying parking durations must be supplied. 
5.4 Parking Search 
Several of the respondents were unsure as to how much of an issue parking 
search is both within the UK as a whole and within specific cities. The general 
feeling emerged that parking search could well be an issue but they had not 
identified or quantified it to show evidence of a serious problem in any of the cities 
in the study, “...[there is] no real hard evidence [of parking search] at the moment” 
(Respondent 5). Others thought that it is an issue, but is not the most serious 
transport or parking concern, “there isn’t a significant problem...although [parking 
search] probably does take place” (Respondent 4); although vehicles searching 
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for parking  contribute  to  congestion,  which  is  considered  by most  of  the  
respondents  as  a primary transport problem. The interaction between on- and 
off-street parking was thought to play an important role in parking search. For 
instance, one factor that respondents identified as influencing the occurrence of 
parking search was the signage, quality and tariffs of off- street car parks, which 
determined whether individuals wanted to park there or not. Drivers evaluated 
these elements alongside on-street parking restrictions (duration), how strictly 
these are enforced, and the parking charges for on-street spaces. Several Council 
Officers described the challenges they faced in providing off-street parking at a 
competitive price that matched private car park operators. While all of the Councils 
owned off-street car parks in addition to on-street parking, they explained how 
private operators were able to offer parking at considerably lower cost than was 
possible for the publicly-owned Council authorities; in several instances by 
illegally installing and operating parking places on land within the city. This was 
a legal issue that some of the Officers were currently involved in addressing. It 
was acknowledged by the respondents that,  from  the  point  of  view  of  the  
general  public,  cheap  off-street  parking  was  to  be welcomed and, furthermore, 
in preventing such sites from operating, occurrences of parking search may 
increase due to fewer available parking spaces. In some areas of the cities 
studied there was considerably higher demand than in other areas which had 
fewer attractors (such as in the vicinity of sports arena, at certain times); hence 
parking search was likely to occur in areas of high demand despite overall 
parking capacity across a city being sufficient to fulfil required demand. While 
minimum parking standards exist in the UK for new construction, development in 
the cities in the study have been established for a considerable number of 
years prior to parking standards’ regulation and hence do not provide parking 
spaces at a level that fulfils demand. This has the effect of increasing parking 
search in city centres. 
Respondents additionally identified residential parking zones as an influencing 
factor, as they reduced the on-street parking capacity available to non-residents. A 
factor unique to one city (Nottingham) is the Workplace Parking Levy (WPL), 
which has resulted in some employers reducing the amount of on-site parking, 
thus displacing employees out of employer-provided car parks and leading them 
to search for a free-of-charge on-street parking space. This has resulted in 
“…increased parking search away from the core city centre, affecting the outer 
districts of Nottingham where employees are now choosing to park since 
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employer-provided spaces are not available” (Respondent 9). The impact of this 
displacement is that parking places that are now occupied by commuters 
(employees) has led to a shortage of spaces and hence more parking search for 
residents and hospital visitors in these areas experiencing higher demand. 
5.5 Spatial Patterns 
Respondents initially expressed the reaction that parking search does not appear 
to create much of a problem, but consideration revealed the extent that vehicles 
searching for parking could have in creating a more serious issue in defined 
areas. A distinction was made between core city centres in the East Midlands, 
where parking search “is less of an issue because of [the presence of] multi-storey 
parking facilities”, whereas “for slightly peripheral activities requiring  short  periods  
of  parking  and  where  off-street  car  parks  are  not  conveniently located 
parking search is more likely to occur” (Respondent 4). Parking search was 
additionally thought to be a more significant issue if a driver is travelling to a single 
specific destination and is aware of the existence of on-street parking (particularly 
if associated with an accompanying shortage of off-street parking provision) 
around the end destination; the driver then being more likely to search for an on-
street parking space. Similarly, Officers identified parking search as being more 
likely to occur where a specific destination existed that attracted a large number of 
people but which had a shortage of parking, such as retail parks, entertainment or 
sports venues, tourist attractions, or around key employment sites (particularly 
those that had reduced workplace parking arising from more restrictive planning 
regulations), where the available on-street capacity quickly reached saturation. 
This raised the point that patterns of parking search may change over time 
as towns and cities develop residential, retail, and business areas; hence 
current areas which have greater on-street parking demand may in the future shift 
to other areas within cities. 
Furthermore, it was thought that parking search is a greater issue in terms of 
congestion and its effect on the local economy in larger towns in Lincolnshire (for 
instance Boston, Grantham, Sleaford, and Stamford) and in market towns such as 
Louth, where “on-street parking is free and the town is quite a compact area with 
narrow streets and lots of independent boutique shops, [thereby] attracting lots of 
visitors” (Respondent 8). Similarly, Leicestershire County Council thought that 
larger towns in the county (for instance Hinckley and Melton Mowbray) which 
attract a large number of visitors to events such as Farmers’ Markets, but are 
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lacking infrastructure supply in terms of on- and off-street parking to fulfil periods 
of particular high parking demand, are more likely to experience increased 
occurrences of parking search. While Charnwood Borough Council described 
parking search in the market town of Loughborough as occurring among 
infrequent visitors (for instance, business people or contractors needing to park 
outside residential properties), who were unfamiliar with the area. 
5.6 Temporal Patterns 
It was observed that parking search varied according to time of day, day of the 
week, and time of year, with peak parking times (not always aligned with peak 
traffic times) affecting the likelihood of parking search, such as in Nottingham 
during evenings after 18:00 when on- street parking charges become cheaper and 
after 20:00 when on-street tariffs no longer apply; also at core times (10:30–
14:00) at the weekends when shopping trips became more popular. Similarly, on 
Sundays in Leicester, no on-street parking charges applied, hence increased 
parking search occurs; while core times (10:30–15:00) on Saturdays were 
identified as busy shopping periods when search increased due to high parking 
demand. Morning periods were identified across all cities as generally having 
more parking search occurrences for shopping and business purposes, while 
evenings generated search for entertainment and social purposes.  
Entertainment venues such as a theatre in Leicester, which has a large on-street 
parking capacity in the surrounding locality, was observed as generating more 
parking   search   around   evening   performances.   From   mid-November and 
throughout December, search occurred more frequently among Christmas 
shoppers visiting the cities. Furthermore, the start of the new University year in 
October was identified as being particularly busy with an increase in parking 
search. While in one particular town, market days were identified as giving rise 
to increased search, particularly on Thursdays when usual visitors to the town for 
shopping, business, and commuting purposes were augmented by a large number 
of market visitors; “market days are very busy…search may occur on these days” 
(Respondent 1). 
5.7 Trip Purpose 
The respondents all agreed that trip purpose affected the likelihood of parking 
search, with commuters being most unlikely to search for parking as they tend 
to park in the same area (close to their place of work) and arriving early in the 
morning when there are typically on- street spaces available. Shoppers, tourists 
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and leisure users were thought to be more likely to search as they usually had 
more time available (no work start time to meet); a point highlighted by 
Respondent 10: “shoppers and leisure users have time to search...tourists are 
quite likely to search…but possibly not at the main congestion times”. Lincolnshire 
County Council expressed the opinion that parking search was “an issue at peak 
periods for shoppers, due to a limited number of on-street parking bays being 
insufficient to service the retail outlets in the area…leading to drivers circulating 
until they find a space” (Respondent 7). This led to increased driver stress 
through searching and waiting for an available space and, if unable to find a 
space, to individuals departing and visiting out-of-town areas, with the 
associated loss of trade to local business. Others observed areas of intense 
parking demand within each city (typically where there is a destination that 
attracts a large number of individuals, such as a market, retail area, sports or 
entertainment venue) where parking search is more likely. One respondent  
commented  that  familiarity  with  an  area  would  affect the likelihood  of  parking 
search, with individuals expressing greater familiarity being less likely to need to 
search as they could time their arrival at a destination when they know parking 
would be available. This contrasted with other respondents who thought 
individuals who were unfamiliar with an area would be less likely to search as 
they would choose to follow signage which would guide them to an off-street 
car parking facility. However, if drivers who are unfamiliar with an area but know 
that plentiful on-street parking exists, they will search for this rather than follow 
guidance signs to off-street car parks; “people who go there [hospital] regularly 
know where the on-street parking is...” (Respondent 4). It was also noted that 
drivers who are unfamiliar with an area may initially set out to follow signs to an 
off-street car park but if they pass on-street parking on the way, they may choose 
to abandon their original plan and park on-street instead. In the evenings it was 
thought that parking search may increase due to on-street parking charges being 
considerably reduced or removed altogether in some cities. 
5.8 Parking Search Patterns 
There was general agreement among Council Officers that parking search 
patterns have changed over time due to rising demand for parking attributed to 
increasing car ownership and usage, yet no corresponding growth in supply. In 
some areas there has been a reduction in on-street parking through tighter 
controls on provision and rising numbers of residential parking zones which, due 
to a reduced number of available spaces, increased the occurrence of parking 
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search. In contrast to the view of there being rising demand for parking, several 
Council Officers also expressed the view that parking search appeared to be less 
of a problem than five years’ ago (since before the UK economic recession), with 
current parking supply able to meet the demand, as observed by Respondent 
4: “there is reduced demand for parking in general and on-street parking as part 
of that [because of the economy]”. A sentiment reflected by Respondents 9 and 
10, who observed that the effect of pricing and time restrictions of on-street 
parking places had an impact on the local economy through deterring shoppers 
and visitors. This led to changes in on-street parking charges and time limits which 
have succeeded in reversing this trend, as explained by Respondent 9: “…[the 
Council] has looked again at the pricing (of on-street parking)...has brought people 
back in again...certainly the evening [visitors] and Sunday shoppers…[the Council] 
...is looking at the wider picture”. 
All Council Officers interviewed agreed that the most likely future scenario for 
parking search patterns was for the number of vehicles searching for parking to 
increase in the next few years as the economy recovers and demand for parking 
correspondingly increases. Therefore agreement existed among the Council 
Officers that in the future parking search is likely to become a greater issue. This 
will result from a growing population, rising car ownership and usage, economic 
growth as the UK economy emerges from recession and growth in business and 
residential development arising from a recovering economy; hence increasing 
demand for on-street parking but no corresponding increase in availability of 
supply. This sentiment was outlined by Respondent 1: “...parking search will 
become, over the next twenty years, a greater issue and more of a problem …as 
the country develops”. However, advances in technology, such as parking bay 
sensors connected to Smartphone applications, are already in existence in 
some areas (for instance, Westminster in the City of London) and are able to 
provide information to motorists about the availability of vacant on-street spaces, 
which would therefore reduce the need for parking search particularly when 
vacant spaces are able to be reserved in advance before a driver arrives at a 
destination. Likewise, if changes in city centre usage create fewer attractors 
encouraging people to visit (such as changes in retail or work patterns) this could 
also result in declining parking search times. Despite both technological 
advancement and changes in city centre usage patterns, the respondents thought 
that the most likely future scenario would be for parking search to become a 
more significant issue in urban areas. This could have been as a result of the local 
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authorities in the cities in this study not having yet taken advantage of the new 
technologies that would assist drivers and reduce parking search times, due to 
high initial installation costs creating a deterrent in implementing such technology.  
5.9 Solutions to Parking Search 
When asked about possible solutions to parking search, a common view 
expressed was to improve the information provided for drivers, “...provide the 
correct information...tailored to the right people” (Respondent 2) about potential 
parking places available for different trip purposes (with varying durations and 
tariffs) in order to enable advance planning before arriving at a city and potentially 
reducing parking search. Officers suggested that improved integration of on- and 
off-street parking provision in terms of pricing structures, time restrictions, and 
overall capacity, to enable both types to operate more effectively alongside each 
other would reduce parking search.  Pricing as a solution to parking search 
was also discussed, with Council Officers giving examples where they had 
adjusted the parking tariffs for various time-bands and different areas of each city, 
in order to encourage or discourage parking at certain times of day and within 
various areas of a city where there was greater (or lesser) parking supply and 
demand. Other solutions put forward were more technologically advanced, such 
as parking sensors within parking bays which would inform drivers through 
smartphone applications of the availability of vacant parking spaces, thus enabling 
drivers to approach a vacant space and avoiding the necessity of prior search. 
The local authorities believed such technological solutions to be financially 
prohibitive and would be considered only in the future if parking search was shown 
to be a serious problem affecting cities. 
5.10 Policy Implications 
None of the Councils had implemented policy measures specifically to address 
parking search since it was not seen as a problem at this stage. All respondents 
instead reported transport policies aimed at facilitating traffic flow, which is of 
particular importance on major networks into, out of and within each city, and 
parking management measures aimed at ensuring parking provision operates 
effectively alongside transport policy in maintaining an efficient network. If 
evidence indicated that parking search was a problem that “impacts on the 
efficiency of the [traffic] network” (Respondent 3), policies would be developed and 
implemented to directly address parking search. These policies included re-
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examining their pricing strategies across the various city core and peripheral 
parking areas for both on-street and (local authority owned) off-street car parking 
facilities; in addition to adjusting the time restrictions for on-street parking. The 
likelihood of individual City or County Councils adopting specific policy measures 
to address parking search would be dependent upon gathering evidence to 
demonstrate that parking search is a serious problem and is affecting 
management of an urban transport network. If this is shown, then Officers stated 
that they would develop policies to address the issue, which would effectively 
align with the implementation of other sustainable transport objectives. However, 
other Councils suggested a tension existed between, for instance, encouraging 
greater public transport use, while simultaneously requiring higher levels of car 
use in order to increase Council revenues obtained from parking fees. 
Lincolnshire County Council suggested there is a need to conduct a thorough 
audit of all on-street parking provision within the city in order to examine whether 
the pricing structure, time restriction, and road markings (traffic regulation orders) 
are still as applicable for current parking and traffic needs as when they were 
originally installed. The Officer thought that by improving these factors around 
parking operations, on-street parking regulations would be easier for drivers to 
understand and may reduce the likelihood of parking search. 
5.11 Conclusion 
The interviews that were conducted with senior transport and parking Council 
Officers from local authorities within the East Midlands region were considered to 
be agenda forming in terms of highlighting important issues around parking 
search; in particular, increasing the understanding of likely triggers and identifying 
potential future patterns of urban parking search. The interviews were of particular 
importance in filling the gap in knowledge identified in the literature about parking 
search from the perspective of parking and transport policy makers.  
The interview respondents perceived the potential of increasing parking search 
time to disrupt traffic flow, giving rise to economic impacts through time delays 
and increased emissions of air pollutants; as had been identified in the literature in 
Chapter 2 as being significant issues linked to parking search. The Council 
Officers expressed knowledge of and interest in technological advancements such 
as Smartphone applications linked to sensors in parking bays that may offer a 
solution to reducing the occurrence of parking search and the amount of time 
undertaken by drivers in searching. Despite this awareness, the Officers thought 
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that high implementation costs to install sensors over a wide area would be 
prohibitive, unless parking search could be seen as having a greater impact on 
future traffic networks in and around the main cities than currently existed.  
Currently, a lack of recorded empirical evidence within the four cities (and across 
the UK as a whole) regarding the number of vehicles searching for parking created 
difficulty in establishing both an existence of parking search and in quantifying the 
level of the problem (if, indeed, it is a problem). The scarcity of existing and 
current UK research that has investigated parking search highlights the importance 
of this thesis in understanding parking search within (a region of) the UK. 
According to the expressed opinions of the Council Officers, the immediate 
solution to a potential increase in parking search focused around control 
measures such as the pricing and duration (time restrictions) of parking. It was 
perceived that by addressing these factors; alongside providing high quality, clearly 
signposted and effectively operated off-street parking facilities that are closely 
aligned with on-street supply would reduce occurrences of parking search.  
The scoping study interviews explored in this chapter have enabled an 
understanding of parking search from the perspectives of local government 
transport and parking policy makers to be obtained. This has informed the 
development of subsequent on-street parking surveys that were conducted with 
drivers; the findings of which will be discussed in the following two chapters. The 
findings from this chapter are, additionally, discussed in greater depth in Chapter 
9, alongside the complete research findings from this thesis; findings of which 
comprise the quantitative on-street parking survey results (that are reported in 
Chapters 6 and 7) and the further qualitative interviews undertaken with transport 
policy makers (that are detailed in Chapter 8). All of the research findings are 
compared in Chapter 9 with earlier literature in which parking search research has 
been investigated (and which has been reviewed in Chapters 2 and 3 of this 
thesis).   
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6.1 Introduction 
The preceding chapter reported the findings from interviews that had been 
conducted with local government authority Council Officers. The interview findings 
were utilised to inform the second stage of data collection that comprised the 
undertaking of quantitative on-street parking surveys (the method of which was 
described in detail in Chapter 4). This chapter, therefore, describes the on-street 
parking survey data collection and analytical process. Development of the surveys 
will be outlined, from initial selection of potentially important parking search 
influencing factors, through to conducting a pilot study to trial the survey in one city. 
Subsequent changes to the survey will be explained, with reasons given for the 
selected amendments that were made. The process of identifying the most 
important factors which led to variables being included in the statistical modelling is 
described. Descriptive statistics that were performed in order to more fully 
understand the data prior to undertaking the regression modelling are outlined. 
Details of supply-side parking factors, such as number of parking spaces and other 
highway characteristics, are highlighted. Analytical aspects of the data are covered, 
in terms of explaining the definitions of variable names. Coding of the categories 
comprising each variable and details of aggregated and proxy variables that were 
created are also covered in this chapter. 
6.2 Survey Development: Selection of Parking Search Influencing Factors  
This section describes the process of survey development. The dependent variable 
in the survey was ‘Search Time’, upon which other independent variables would be 
modelled in order to investigate firstly the influence of each explanatory variable 
and, secondly, the level of significance of each variable. The format of the question 
utilised in the parking survey in order to elicit information about each driver’s search 
time was, ‘How long did you spend searching for a parking space today’. This 
wording was selected in order to highlight to the driver that a response was 
requested for only this particular trip on the specific day when the survey question 
was asked. What was not required was for each driver to provide an estimated 
average search time across several trips that may have taken place to the particular 
destination in which the survey was being undertaken. 
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In terms of independent variables, forty factors were identified as potentially having 
influenced drivers’ parking search time; from undertaking a review of relevant 
literature on parking search (as detailed in Chapters 2 and 3), and having conducted 
a scoping study with local government authorities across the East Midlands region 
of the UK (as reported in Chapter 5). These factors are shown in Table 6.1. 
Table 6.1: Factors identified as potentially influencing parking search time  
Area level factors 
Parking Guidance 
Information (PGI) system 
Parking permit requirement 
Illegal parking control and 
enforcement 
Parking capacity/supply 
Characteristics of parking place 
Parking type Parking location Parking occupancy level 
Accessibility of parking 
place 
Physical condition of 
parking place 
Parking operation (time 
restrictions) 
Visibility of parking place 
Driver-related 
Trip purpose Parking habits Vehicle occupancy 
Personal parking duration 
Familiarity with local 
area/parking places 
Number of parking places 
previously visited 
Perception of vehicle 
security/personal safety 
Immediately-preceding 
route choice 
Personal time constraints 
Trip/parking frequency Personal value of time Driver/passenger mobility 
Time-related 
Walking time from parking 
to destination 
Access time from origin to 
parking place 
Time of arrival at parking 
place 
Queuing/waiting time at 
parking place 
Travel time from origin to 
destination 
Time of departure from origin 
Travel time to parking alternatives 
Price-related 
Price of parking Willingness to pay 
Individual socio-economic factors 
Age of driver Sex of driver Driver ethnicity 
Annual income of driver Driver education level Driver (un)employment 
Other 
Weather conditions Unobservable preference for a particular parking place 
 
Following further examination of the forty potentially influencing factors initially 
identified, it was decided to omit eighteen factors from the on-street parking survey. 
Factors identified as being appropriate for exclusion are outlined in Table 6.2, in 
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addition to an explanation of the reasoning for each excluded factor having 
occurred.  
Table 6.2: Factors excluded from pilot parking survey and reason for exclusion 
Excluded factor Reason for exclusion 
Driver/passenger mobility This factor has been absorbed into a new variable 
encompassing mobility and other disabilities. 
Parking location This factor was replaced with ‘parking type’ since, in the 
literature, the terms are used inter-changeably.  
Immediately-preceding route 
choice 
This would have elicited numerous varying responses 
resulting in difficulty in conducting meaningful analysis. 
Furthermore, some drivers may have struggled to recall 
their exact route, leading to unreliable responses. 
Parking permit requirement It was decided to conduct the survey in areas that did not 
require parking permits (with the exemption of disability 
permits, for which a separate question was included). 
Physical condition of parking 
place 
As the survey comprised only on-street parking there was 
no discernible difference in the condition of different 
parking places, hence this question was not required.  
Willingness to pay As the survey took place in areas with different levels of 
parking charge (including no fee), it was possible for 
drivers to park in a tariff-free parking space. This question 
was therefore answered by the fact of whether or not a 
driver had chosen a parking space that required payment. 
Personal time constraints Respondents would likely have found it difficult to 
accurately state their individual time constraints, thereby 
leading to inaccurate or unreliable data. 
Driver education level Data collected by this question could instead be obtained 
by asking about drivers’ trip purpose, income and parking 
tariff (indicating willingness to pay). 
Driver (un)employment Data collected by asking this question could instead be 
obtained by asking about trip purpose and income. 
Personal value of time Respondents would have found it difficult to place a value 
on their time; leading to inaccurate or unreliable data. 
Travel time to parking 
alternatives 
Responses would have expressed considerable 
variability and would likely have been skewed according 
to drivers’ perception rather than actual travel time.  
Parking occupancy level Due to time and cost constraints of this study, it was not 
possible to accurately measure parking occupancy levels. 
Accessibility of parking place The survey comprised on-street parking, for which all 
areas were viewed as accessible to drivers; hence this 
question was not needed. 
Visibility of parking place Having undertaken the survey at on-street parking 
places, all areas were viewed as being visible to drivers; 
hence this question was not required. 
Parking operation (time 
restrictions) 
Data around this factor was obtained by asking a 
question focusing on parking duration.  
Trip/parking frequency This factor was covered by inclusion of questions about 
drivers’ parking habit and familiarity with an area. 
Parking capacity/supply A separate count took place of parking spaces on each 
street in which the survey was conducted in order to 
collect data on estimated parking supply. 
Unobservable preference for 
a particular parking place 
This was a difficult question for drivers to answer; hence 
it would not have elicited meaningful data. 
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The exclusion of eighteen factors that had been highlighted in the literature as 
potentially influencing parking search time enabled twenty two remaining factors to 
be included in the pilot on-street parking survey. In addition to these twenty two 
factors, other factors that had not been highlighted in the literature were also 
considered as being potentially important in influencing drivers’ parking search time. 
These factors were added alongside the twenty two factors, enabling all of these 
factors to be utilised in constructing the parking survey questions to be used in the 
pilot study, as shown in Table 6.3. 
Table 6.3: Remaining factors from Table 6.1 with additional factors  
included in pilot on-street parking survey 
Area level factors 
Parking Guidance Information (PGI) system Illegal parking control and enforcement 
Characteristics of parking place 
Parking type 
Driver-related 
Trip purpose Parking habits Vehicle occupancy 
Personal parking duration 
Familiarity with local 
area/parking places 
Number of parking places 
previously visited 
Perception of vehicle 
security/personal safety 
Number of years held 
driving licence 
Pre-parking research 
Pre-parking assistance Pre-parking reservation 
Time-related 
Walking time from parking 
to destination 
Time of arrival at parking 
place 
Queuing/waiting time at 
parking place 
Price-related 
Price of parking 
Individual socio-economic factors 
Age of driver Sex of driver 
Driver ethnicity Annual income of driver 
Other 
City in which survey being 
conducted 
Street on which survey 
being conducted 
Weather conditions 
Month of survey Day of survey 
 
     6.2.1       Amendments to Questions Following Pilot Parking Survey 
As has been outlined earlier in Chapter 4, a pilot on-street parking survey was 
undertaken in the East Midlands city of Lincoln. Having conducted the pilot survey, 
drivers’ responses were analysed in order to assess the usefulness of the data 
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elicited from each survey question. This enabled amendments to be made to the 
survey prior to full roll-out across other cities. One such change entailed reordering 
the questions in order to create a smoother flow between questions across the 
survey. Some variable categories were reworded to identify more specific 
responses, such as for the variable trip purpose. In the pilot survey, variable 
categories were written in the following format: ‘commuting’, ‘business’, ‘education’, 
‘shopping’, ‘personal business’, ‘social or entertainment’, ‘holiday or day trip’,  and 
‘multiple purpose’. The wording of response options to this question were amended, 
as shown in Table 6.4. For instance, the category ‘commuting’ was replaced with 
‘work’ as this was felt to have been a more accurate description of trip purpose. 
‘Multiple purpose’ was removed and replaced with additional categories of ‘school 
run’, ‘business (trade)’, ‘business (delivery/courier)’, ‘resident’, and ‘other’. 
Table 6.4: New categories for ‘Purpose’ variable 
  
A question which had asked ‘from where drivers had travelled’ was replaced by the 
more specific and more useful in terms of data analysis, ‘How long did the journey 
take from your origin to arriving here’, for which thirteen potential responses were 
provided. Questions asking for the number of minutes of ‘SearchTime’ and of 
‘WalkTime’ were provided with the option of recording the exact number of minutes 
in the form of a continuous variable, rather than respondents being requested to 
choose a category within which their search and walk time fell. This was in order to 
enable more precise data analysis through establishing the exact number of minutes 
taken for searching or walking, rather than having a broader range of values within 
which the driver’s actual number of minutes fell. A question asking the ‘ethnicity’ of a 
driver was made clearer by aggregating the answers into five categories: ‘White’; 
‘Asian / Asian British’; ‘Black / African / Caribbean / Black British’; ‘Mixed / Multiple’; 
and ‘Other’. Likewise, the question regarding ‘weather conditions’ was aggregated 
from eleven categories to four groups which comprised the most frequently-
occurring conditions: ‘warm / sunny / hot’; ‘light rain / cool’; ‘heavy rain / windy’; and 
‘cold / frost / fog / snow / ice’. The reason for this was to enable more meaningful 
data analysis by increasing the number of responses falling within each category. 
Other questions were combined, in order to provide a more comprehensive 
response, for instance the question asking drivers whether any form of pre-parking 
Work School Run Education Shopping 
Personal Business 
Social or 
Entertainment 
Holiday or Day Trip Religious Meeting 
Business (Trade)  
Business 
(Delivery/Courier) 
Resident  Other ………… 
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assistance had been used was reformulated to provide the response options: 
‘smartphone application’, ‘real-time parking guidance information’, ‘internet parking 
websites’, ‘road map’, ‘personal recommendation’, and ‘other’. 
It was decided to include new questions in the survey that would ask respondents 
about additional potentially important parking search time influencing factors that 
had not been identified in the literature as having been previously investigated. 
These questions comprised: ‘Are you carrying (or planning on carrying) heavy 
equipment or shopping on this trip’; ‘What is your home postcode’; ‘Are you 
registered as disabled’; ‘Do you have a blue badge’; ‘Please indicate the level of 
stress you felt when searching for a parking space’; and ‘To what extent is your 
personal safety a factor in selecting a parking location’. This last question was 
thought to be important as it may be linked with the question previously included 
which asked about the importance of vehicle security in choice of parking place. 
Additional questions that required completion by the Interviewer in the final part of 
the survey without needing to ask the questions directly of respondents were: 
‘Speed limit’ (in street in which survey is being conducted); ‘Amount of parking 
charge (per hour)’; ‘Time of survey’; ‘Type of vehicle’; and ‘Vehicle details’ (make 
and model). 
Furthermore, it was decided to remove survey questions that did not enhance 
understanding or further the identification of significant parking search influencing 
factors. The factors that were removed from the final survey are shown in Table 6.5, 
along with the reason for exclusion. 
Table 6.5: Factors excluded from final on-street parking survey  
and reason for exclusion 
Excluded factor Reason for exclusion 
Parking type 
The survey was conducted only at on-street parking places; 
hence this question was no longer applicable. 
Queuing/waiting time at 
parking place 
This factor was absorbed into total driver search time and did 
not require inclusion as a separate question. 
Number of years held 
driving licence 
In the pilot study, drivers were unable to offer a reliable 
response to this question and the answer to this question 
could typically be calculated by asking about driver age; with 
a few exceptions for those who had learnt to drive later in life. 
Illegal parking control  
and enforcement 
It was unlikely that all drivers would answer truthfully, which 
would have resulted in unreliable data being collected. 
Parking Guidance 
Information (PGI) system 
This question was absorbed into a question asking whether 
drivers had used assistance to locate a parking space. 
Pre-parking research 
This question has been absorbed into a question asking 
about pre-parking assistance used by drivers.  
Pre-parking reservation 
In the survey locations, technology did not exist to enable 
drivers to reserve a parking space in advance. 
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This resulted in a final list of the factors considered as potentially having the most 
influence on parking search time, which were included in the final on-street parking 
survey conducted in four cities in the study (Derby, Leicester, Lincoln, and 
Nottingham), a copy of which is included in Appendix Ia. These factors are outlined 
in Table 6.6. The pilot survey underwent amendments to question wording and/or to 
answer format in order to enhance the final survey and improve the quality of the 
data that would be obtained.  
Table 6.6: Factors included in final on-street parking survey 
Area level factors 
Speed limit 
Driver-related 
Trip purpose Parking habits Vehicle occupancy 
Personal parking duration 
Familiarity with local 
area/parking places 
Number of parking places 
previously visited 
Vehicle occupants’ age Vehicle security Personal safety 
Pre-parking assistance 
Usefulness of pre-parking 
assistance 
Driver stress level 
Vehicle type Vehicle make and model Heavy equipment 
Driver (not) registered as 
disabled 
Driver has (not) ‘blue 
badge’* 
Home postcode 
Time-related 
Walking time from parking to destination Access time from origin to parking place 
Price-related 
Price of parking 
Individual socio-economic factors 
Age of driver Sex of driver 
Driver ethnic group Driver annual income 
Other 
City in which survey being 
conducted 
Street on which survey 
being conducted 
Weather conditions 
Date of survey Time of survey 
*Displaying a ‘blue badge’ in a vehicle enables a driver in the UK who is registered as 
disabled to be permitted to park in a bay that is reserved for disabled drivers 
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6.3 Spatial Distribution Sample Data 
The on-street parking survey was undertaken in the cities of Derby, Leicester, 
Lincoln, and Nottingham within the East Midlands region of the UK. The spatial 
distribution in terms of number of respondents from each city are shown in Figure 
6.1. 
Figure 6.1: Survey respondents within each city 
 
 
Figure 6.2 depicts the home postcodes of drivers who were asked to participate in 
an on-street parking survey being conducted at various locations across four cities 
in the East Midlands. The map was produced as follows: 
Lincoln: 204 
Nottingham: 332 
Derby: 217 
Leicester: 249 
Map = copyright - Google 
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Step 1: Home postcode data had been collected from respondents during the 
parking survey. This resulted in 790 full six and seven digit postcodes (depending on 
the postcode location) being collected. The remaining 212 respondents either 
declined to provide their postcode or did not give a full postcode (typically only 
providing the first three or four digits).   
Step 2: Based on the full six and seven digit postcodes, 790 observations were 
merged with the national postcode boundary Geographic Information System (GIS) 
data in order to locate the centre point of each postcode boundary area (i.e. the 
centroid). This resulted in 739 observations, whereby the national postcode 
boundary GIS data matched the postcodes provided by the survey respondents. Out 
of 790 observations that had been recorded as full postcodes during the survey, 51 
were not found to have matched with the national postcode boundary GIS data. This 
might have been due to errors in recording the postcodes or from respondents 
providing inaccurate information.   
Step 3: The national postcode boundary data provided Easting and Northing (x,y) 
coordinates for the matched home postcodes. This enabled the home postcodes of 
respondents to be geo-coded using GIS and plotted on the map (depicted as blue 
dots) in Figure 6.2. This indicated the spatial distribution of home postcodes of 739 
survey respondents. 
 
Figure 6.2: Spatial distribution of home postcodes of survey respondents 
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6.4 On-street Parking Survey Response Rate 
The response rate is the percentage of the sample of drivers who agreed to 
participate in the survey. The rates of response across the four cities in the on-street 
parking survey are indicated in Table 6.7. The non-response rate indicates the 
percentage of drivers who declined to participate; reasons for non-response are 
provided in Table 6.8. The figures indicate that the highest response rate occurred in 
Lincoln, with 82.9% of drivers who were approached by the survey interviewer 
agreeing to participate in the parking survey. Similar rates of response were found 
across the three cities of Derby, Leicester, and Nottingham, all of which displayed a 
slightly lower response rate than occurred in Lincoln. The reason for a lower 
response may have been due to the different population size and demographic of 
these three cities compared to Lincoln, which is smaller in size than the three larger 
and similar-sized cities. Furthermore, Lincoln has a less ethnically mixed population 
than the three other cities, which could explain the higher non-response rates arising 
due to ‘Language differences’ and perhaps drivers’ unwillingness to participate, as 
revealed in the response, ‘Don’t want to fill in survey’. The most frequent reason 
offered for non-response across all four cities was that a driver was ‘In a hurry / No 
time / Running late / Too busy’. Survey non-response can be considered as an 
issue, particularly when it concerns refusal to participate, since having a certain type 
of individual choosing not to participate, compared to other types who willingly do 
so, may lead to biased statistical results. It should be noted that over seven days 
when Enumerators assisted with data collection in the city of Nottingham, records 
omitted to indicate the number of drivers approached and those who declined, 
hence, a response rate (and non-response rate) could not be ascertained for these 
days. Consequently, the full response rate for Nottingham is unknown. 
Table 6.7: On-street parking survey response rate 
City 
Number 
approached 
Number of 
responses 
Number 
declined 
Rate of non-
response (%) 
Response 
rate (%)  
Lincoln 246 204 42 17.1% 82.9% 
Nottingham* 433 332 101 23.3% 76.7% 
Leicester 324 249 75 23.1% 76.9% 
Derby 279 217 62 22.2% 77.8% 
*Figures exclude 7 days when surveys were conducted by Enumerators 
 
 
   
 
139 
 
Table 6.8: Reasons given for survey non-response 
Non-response reason Lincoln Nottingham Leicester Derby 
In a hurry/No time/Too busy 32 53 35 31 
Language difference  0 11 13 8 
Don’t fill in surveys 4 15 12 15 
Going to an interview 0 1 2 0 
Meeting family or friends 5 18 11 8 
Other 1 3 2 0 
Total 42 101 75 62 
 
6.5 Supply-Side Variables (Highway Characteristics) 
The thirty one factors which formed the on-street parking survey questions became 
the variables on which statistical modelling analysis was to be applied. However, 
upon further consideration of potential parking search influencing factors, it was 
thought that in addition to the demand-side (driver led) parking search factors which 
had been investigated through having conducted the survey, the existence of 
supply-side factors, comprising highway characteristics, within each city might have 
affected search time. 
In order to calculate on-street parking supply, in terms of the number of parking 
spaces in each city, two methods were used. Firstly, the interviewer observed the 
number of vehicles that could feasibly park in each of the parking bays provided 
within each street (within the areas in which the parking survey was to be 
conducted). Secondly, validation of the initial estimates was obtained by utilising 
Google Street View to examine the streets and calculate the number of vehicles that 
were potentially able to park in the on-street spaces and bays. It was not possible to 
obtain accurate actual figures of on-street parking supply since a large number of 
on-street spaces were provided, not as single-vehicle spaces, but in the form of long 
bays within which several vehicles were able to park. Thus, depending on the size 
(length) of each vehicle, the number of drivers who would subsequently be able to 
use each parking bay would vary. Estimates of on-street parking supply across the 
four cities in the study therefore indicated that: Derby had around 637 parking 
spaces in 31 streets; Leicester provided an estimated 645 spaces in 24 streets; 
Lincoln had in the region of 495 parking spaces across 16 streets; and Nottingham 
supplied circa 702 spaces across 38 streets. The estimated number of on-street 
parking spaces is given in Figure 6.3.  
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In addition to taking into account the number of parking spaces, other supply-side 
factors were thought to have potentially influenced parking search time within the 
cities in the study. The supply-side factors (shown in Appendix III) that were 
investigated comprised: road width, direction of traffic flow, type of carriageway, 
parking bay type, carriageway side(s) on which parking spaces were located. Two 
interaction variables were also investigated: one which examined the effect of 
direction of traffic flow and road width; the other combined the direction of traffic flow 
and carriageway side(s) on which parking spaces were located. 
6.6 Definition of Variables Utilised in the Regression Models 
All of the demand- and supply-side variables that were applied in the regression 
models, together with an explanation of each variable, are indicated in Table 6.9. An 
explanatory variable (‘Stress’) that was included within the on-street parking survey 
was subsequently omitted from the statistical models. The reason for this was that 
Figure 6.3:  Estimated parking supply 
Lincoln: 495 spaces 
       (16 streets) Nottingham: 
702 spaces 
(38 streets) 
Derby: 
637 spaces  
(31 streets) 
Leicester: 645 spaces 
         (24 streets) 
Map = copyright - Google 
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rather than the ‘stress’ variable having a one-way, or unidirectional, relationship with 
the dependent variable ‘search time’, it was endogenous. Therefore, the 
independent variable had a two-way, or simultaneous, relationship with the 
dependent variable. It was understood that although a driver’s stress level might 
influence parking search time, it was conversely possible that the length of search 
time may affect a driver’s level of stress. It was thus not possible to include the 
jointly-dependent stress variable within the specific models used in this study 
(Gujarati and Porter, 2009). A further variable that was included in the survey but 
subsequently omitted from the modelling analysis was ‘Speed Limit’, since the 
speed limit on all the streets on which the survey was being conducted was found to 
be 30mph; hence, having the same speed limit did not enable different categories 
within the variable to be formed. 
Table 6.9: Definition of variables utilised in the regression models  
Dependent variable 
Search Time   
Time spent by a driver searching for an available (and suitable) parking space at the point 
of destination until a parking space is found 
Independent variables (Driver level)  
Walk Time 
Walking time by a driver from a parking 
place to a destination 
Familiarity  
How familiar a driver is with the locality in 
which they are parking 
Park Time   
Time of arrival at a parking place 
Trip Time (Access Time)  
Length of journey time from point of origin 
to a parking place 
Trip Purpose  
Driver’s trip purpose 
Parking Duration  
Length of time for which a driver intends to 
park 
Parking Habit  
Parking habits of a driver 
 
Heavy equipment 
Whether a driver is carrying heavy 
equipment in the vehicle 
Number of Parking Places Visited  
Number of parking places previously visited 
on this trip, in which a driver attempted to 
find an available (and suitable) parking 
space 
Income  
Driver annual income 
Age of Driver 
 
Sex of Driver 
Driver Ethnic Group  
Ethnicity of driver 
Home Postcode 
Home postcode of driver 
Vehicle Occupancy  
Vehicle occupancy level 
Vehicle Occupants’ Age 
Age of vehicle occupants (includes the 
driver and passengers) 
Vehicle Security  
Importance to a driver of vehicle security at 
a parking place 
Personal Safety 
Importance to a driver of personal safety at 
a parking place 
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Driver (not) registered as disabled 
Whether or not a driver is registered as 
disabled 
Driver has (not) ‘blue badge’* 
Whether or not a driver has been allocated 
a ‘blue badge’ parking permit 
Date of Survey 
Day and month in which survey was 
undertaken 
Weather 
Weather conditions at time of survey 
Vehicle Type  
Type of vehicle that has been parked 
Vehicle Make and Model 
Make and model of driver’s vehicle in 
parking space 
Pre-Parking Assistance 
Whether a driver utilised any pre-parking 
assistance (e.g. Internet websites or  
Smartphone applications) 
Usefulness of Pre-Parking Assistance 
How useful the driver found pre-parking 
assistance (if used) 
Independent variables (Street level) 
Street Name  
Name of street in which data collected 
City Name  
Name of city in which data collected 
Area Type  
Type of area within a city 
Parking Charge  
Tariff charged for parking in a selected bay 
Number of Spaces 
Number of spaces provided at parking 
location (supply) 
Direction of Traffic Flow 
Direction of traffic flow (i.e. one-way or two-
way) 
Type of Carriageway 
Carriageway type (i.e. single or dual) 
Road Width 
Width of road (i.e. narrow, medium or wide) 
Parking Bay Type 
Type of parking bay (e.g. individual 
perpendicular spaces) 
Carriageway Side(s) 
Side(s) of carriageway on which parking 
spaces were located (i.e. one or both sides) 
Direction of Traffic Flow * Carriageway 
Side(s) on which Parking Spaces 
Located 
Interaction variable comprising direction of 
traffic flow and side(s) of carriageway on 
which parking spaces were located 
Direction of Traffic Flow * Road Width  
Interaction variable comprising direction of 
traffic flow and road width 
*Displaying a ‘blue badge’ in a vehicle enables a driver in the UK who is registered as 
disabled to be permitted to park in a bay that is reserved for disabled drivers 
 
6.7 Descriptive Statistics for Continuous Variables 
In order to better understand the data prior to undertaking the modelling analysis, 
descriptive statistics were performed on the data. The analysis comprised 
calculations of a measure of central tendency (the mean) and a measure of 
dispersion, or standard deviation (std. dev.), for the three continuous variables 
(Search Time, Walk Time, and Number of Spaces), as shown in Table 6.10. 
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Table 6.10: Descriptive statistics analysis of continuous variables 
Variable  No. Obs. Mean Std. Dev. Minimum Maximum 
Search Time 1,002 1.700  2.598 0 min 20 min 
Walk Time 1,002 4.391  4.004 0 min 30 min 
Number of Spaces 1,002 32.787  23.753 3 spaces 90 spaces 
 
Frequency analysis was conducted for the continuous, dependent, variable ‘Search 
Time’, initially for each individual city (Derby, Leicester, Lincoln, and Nottingham), 
and then combined for the four cities; the results of which are described in Table 
6.11 (individual cities’ analysis) and Table 6.12 (combined analysis). The findings 
indicated that drivers in Lincoln and Nottingham had the highest number of 
individuals who spent the least amount of time searching for parking; with 59.8% 
and 63.8%, respectively, spending zero minutes undertaking parking search. These 
figures compared to Derby with 38.7% and Leicester with 23.6% of drivers spending 
zero minutes in searching for a parking space. The figures in the combined analysis 
correspondingly indicated that almost half of drivers surveyed across the four cities 
(47.60%) did not spend any time searching for a parking place (0 minutes). 
However, it is interesting to note that for the cities of Derby and Leicester, which had 
lower numbers of drivers responding with ‘0 minutes’ of search time, a higher 
number of drivers reported searching for one or two minutes (44.2% for Derby and 
33.3% for Leicester), in comparison to the lower numbers in Lincoln (20.0%) and 
Nottingham (25.6%) whose drivers stated they had a parking search time of one or 
two minutes. The results from the frequency analysis of the individual cities that 
indicated the majority of drivers undertook a low number of minutes of search time 
are further detailed in Table 6.12, in which it can be seen that almost all drivers were 
able to search for and locate a parking space within ten minutes (99.10%) and, of 
these, 93.51% searched for five minutes or less before finding a parking space.  
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Table 6.11: Frequency analysis for dependent variable ‘Search Time’  
for individual cities 
Search 
Time 
(minutes) 
City Name 
Total 
Derby Leicester Lincoln Nottingham 
0 84 59 122 212 477 
1 49 36 19 48 152 
2 47 47 22 37 153 
3 12 23 13 5 53 
4 4 8 7 2 21 
5 19 37 17 8 81 
6 1 4 0 4 9 
7 0 5 0 4 9 
8 1 9 3 4 17 
9 0 1 0 0 1 
10 0 16 1 3 20 
12 0 3 0 0 3 
15 0 1 0 1 2 
16 0 0 0 2 2 
18 0 0 0 1 1 
20 0 0 0 1 1 
Total 217 249 204 332 1,002 
 
Table 6.12: Frequency analysis for dependent variable ‘Search Time’  
(four cities combined) 
Search Time 
(minutes) 
Frequency Percentage (%) 
Cumulative 
Percentage (%) 
0 477 47.60 47.60 
1 152 15.17 62.77 
2 153 15.27 78.04 
3 53 5.29 83.33 
4 21 2.10 85.43 
5 81 8.08 93.51 
6 9 0.90 94.41 
7 9 0.90 95.31 
8 17 1.70 97.01 
9 1 0.10 97.11 
10 20 2.00 99.10 
12 3 0.30 99.40 
15 2 0.20 99.60 
16 2 0.20 99.80 
18 1 0.10 99.90 
20 1 0.10 100.00 
Total 1002 100% 
 
The pattern of search time can be seen on the frequency distribution charts (Figures 
6.4 to 6.8 for individual cities and combined analysis), where it is noticeable that the 
distribution of scores is positively skewed, as indicated by almost all scores being 
distributed at the low end (in terms of number of minutes of search time) for each 
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individual and combined chart. This pattern is particularly distinct for the cities of 
Lincoln and Nottingham, and can also be clearly seen in the combined cities’ 
frequency distribution chart (Figure 6.8). Furthermore, it is observable in the 
frequency distributions for Lincoln, Nottingham and the combined charts in 
particular, that positive values of kurtosis (the degree to which data scores are 
clustered in the tails of a frequency distribution) are in the distribution, as shown by 
the larger number of scores in the tails and the peaked appearance of the 
(leptokurtic) distribution, where kurtosis > 0 (Field, 2009). Derby also shows a 
similar, although slightly less pronounced leptokurtic distribution; whereas Leicester 
displays a flatter, platykurtic distribution, indicating a more even distribution of 
observations for parking search time. 
Figure 6.4: Frequency distribution of ‘Search Time’ for Derby 
 
 
 
 
 
 
Figure 6.5: Frequency distribution of ‘Search Time’ for Leicester 
 
 
 
0
20
40
60
80
100
0
20
40
60
80
 0                                           5                                          10                               
15                        20 
F
re
q
u
e
n
c
y
 
Search time (minutes) 
 0                                             5                                           10                               
15                        20 
F
re
q
u
e
n
c
y
 
Search time (minutes) 
   
 
146 
 
Figure 6.6: Frequency distribution of ‘Search Time’ for Lincoln 
 
 
 
 
 
 
 
 
 
Figure 6.7: Frequency distribution of ‘Search Time’ for Nottingham 
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Figure 6.8: Frequency distribution of ‘Search Time’ (four cities combined) 
  
 
          
           
           
           
           
           
 
          
            
           
           
           
           
           
           
           
  
 
      
 
Analysis of the number of minutes of search time with the type of area within a city 
indicated a fairly consistent pattern across various area types, with drivers in most 
areas spending little or no time searching for an available parking space (Table 
6.13). The area in which the highest number of drivers spent zero minutes searching 
for a parking space was ‘AreaType 2’ (‘Tourist’). This result may have arisen due to 
tourists being less familiar with an area and hence being more reluctant to drive 
around looking for a preferable parking space; instead choosing to park in the first 
vacant parking space that is encountered once a destination is reached. It may have 
been expected that tourist areas would generate high parking demand and 
correspondingly increasing parking search would occur. It should therefore be noted 
that the surveys did not take place during holiday periods which may have given rise 
to higher demand than may occur during a non-holiday time of year.  
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Table 6.13: Analysis of Search Time and Area Type 
(See Appendix IV for categorisation of streets into Area Type)  
 Area Type 
Search 
Time 
(mins) 
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0 56 115 80 35 46 61 84 
1 30 19 26 19 17 15 26 
2 36 20 24 15 8 28 22 
3 14 9 4 8 1 9 8 
4 6 3 1 1 - 3 7 
5 18 11 9 5 - 17 21 
6 2 - 2 1 - 2 2 
7 2 2 2 - - 2 1 
8 2 1 1 2 - 6 5 
9 - - - - - - 1 
10 3 2 1 1 - 9 4 
12 - - - - - 3 - 
15 - - - 1 - 1 - 
16 - - - - - 2 - 
18 1 - - - - - - 
20 - 1 - - - - - 
 
 
The frequency analysis of ‘Number of Spaces’ indicated that the estimated numbers 
of parking spaces provided in the streets in which the survey was conducted ranged 
from 3 spaces, which featured in 17 streets (1.70%) to 90 spaces, as occurred in 18 
streets (1.80%). The most number of spaces in the streets covered by the survey 
was 25, with 106 streets (10.58%) providing an estimated 25 parking spaces. This 
was followed by the next highest number of spaces supplied, at 20 spaces, with 89 
streets (8.88%) estimated as having this number of spaces for parked vehicles. The 
next highest number of spaces provided a far higher number of 70 estimated 
spaces, with 85 streets (8.48%) supplying this number of parking spaces. The full 
frequency analysis can be seen in Table 6.14 below. 
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Table 6.14: Frequency analysis for ‘Number of Parking Spaces’ (by street) 
Number of Spaces Frequency Percentage (%) 
Cumulative Percentage 
(%) 
3 17 1.70 1.70 
4 4 0.40 2.10 
5 24 2.40 4.49 
6 32 3.19 7.68 
8 17 1.70 9.38 
10 55 5.49 14.87 
12 69 6.89 21.76 
13 1 0.10 21.86 
14 9 0.90 22.75 
15 73 7.29 30.04 
16 6 0.60 30.64 
18 47 4.69 35.33 
20 89 8.88 44.21 
22 31 3.09 47.31 
25 106 10.58 57.88 
27 5 0.50 58.38 
30 26 2.59 60.98 
32 8 0.80 61.78 
35 25 2.50 64.27 
36 3 0.30 64.57 
38 46 4.59 69.16 
40 26 2.59 71.76 
45 48 4.79 76.55 
50 28 2.79 79.34 
55 15 1.50 80.84 
65 18 1.80 82.63 
70 85 8.48 91.12 
75 15 1.50 92.61 
80 56 5.59 98.20 
90 18 1.80 100.00 
Total 1002 100%  
 
Frequency analysis was additionally conducted for the continuous, independent, 
variable ‘Walk Time’ for each individual city (Derby, Leicester, Lincoln, and 
Nottingham). The findings are detailed in Table 6.15. The results of the analysis 
indicated that just over half (509) of the individuals surveyed walked for 1-2 minutes 
to a destination from a parking place; whilst 155 drivers walked for five minutes and 
118 individuals spent ten minutes walking to a destination point from the place in 
which they had parked. The findings indicated that, taken as a percentage of total 
respondents within the city of Nottingham, a lower number of individuals walked for 
ten minutes (7.2%) in comparison to higher numbers of respondents in the three 
other cities in the survey, for which 11.0% of drivers in Derby walked for ten 
minutes; while the figures increased to 15.6% in Leicester, and 15.1% in Lincoln. 
Similarly, in examining the figures for drivers who stated a walking time of five 
minutes, a low number of individuals in Nottingham (9.6%) and a correspondingly 
low number of respondents in Lincoln (9.3%) walked for five minutes to a 
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destination. This compared to the cities of Derby and Leicester, for which 21.1% and   
23.2% of respondents stated they walked for five minutes to a destination. 
Table 6.15: Frequency analysis for independent variable ‘Walk Time’ 
for individual cities 
Walk Time 
(minutes) 
City Name 
Total 
Derby Leicester Lincoln Nottingham 
0 6 2 0 0 8 
1 42 24 35 108 209 
2 70 61 53 116 300 
3 7 18 25 14 64 
4 5 4 4 1 14 
5 46 58 19 32 155 
6 4 7 4 10 25 
7 3 3 4 4 14 
8 9 14 5 15 43 
9 0 1 0 0 1 
10 24 39 31 24 118 
11 0 0 1 0 1 
12 1 10 8 1 20 
15 0 7 7 4 18 
18 0 0 1 0 1 
20 0 1 2 2 5 
22 0 0 1 0 1 
23 0 0 2 0 2 
25 0 0 1 1 2 
30 0 0 1 0 1 
Total 217 249 204 332 1,002 
 
 
6.8 Descriptive Statistics for and Coding of Categorical Variables 
In order to further understand the data prior to undertaking the modelling analysis, 
descriptive statistics were performed on the categorical variables in the dataset. The 
frequency analysis for each variable is described in this section. After coding the 
variables, several of the categories within certain individual variables were identified 
as possessing a low number of observations. In those cases it was decided to 
aggregate the variable categories in order to obtain higher combined response rates 
and thereby produce more meaningful statistical results. Variable categories that 
were aggregated are additionally shown in this section, below each of the original 
variables. 
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    6.8.1       City Name 
Table 6.16: Frequency analysis for ‘City Name’ 
City Name Frequency % Cum. % Code 
Lincoln* 204 20.36 20.36 1* 
Nottingham 332 33.13 53.49 2 
Leicester 249 24.85 78.34 3 
Derby 217 21.66 100.00 4 
Total 1002 100%   
* reference case 
More surveys were completed in Nottingham than in the three other cities (33.13% 
or 332 drivers). This was followed by Leicester, with 24.85% or 249 drivers. Derby 
followed next in frequency, with 21.66% (217 drivers) and just under this total was 
Lincoln, with 204 drivers (20.36%). 
   6.8.2       Area Type 
Figure 6.9: Frequency analysis for ‘Area Type’ (* reference case) 
The findings for the variable ‘AreaType’ highlighted a fairly consistent spread across 
five types of area used by respondents for parking; ‘core – shopping’, ‘tourist’, 
‘events’, ‘peripheral – hospital, university, train station’, and ‘residential (used by 
commuters)’. The percentage usage for these areas ranged from 14.97% (‘events’) 
to 18.26% (‘tourist’). Only ‘shopping (not core)’ and ‘peripheral – industrial (used by 
commuters)’ had lower usage during the survey, with 88 drivers (8.78%) and 72 
drivers (7.19%) using these areas in which to park. 
 
170 
16.97% 
183 
18.26% 
150 
14.97% 88 
8.78% 
72 
7.19% 
158 
15.77% 
181 
18.06%     Core - shopping* 
    Tourist 
    Events 
    Shopping (not core) 
    Peripheral - industrial (used by commuters) 
    Peripheral - hospital, university, train station 
    Residential (used by commuters) 
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     6.8.3       Parking Charge 
Table 6.17: Frequency analysis for ‘Parking Charge’ 
Parking Charge Frequency % Cum. % Code 
No fee* 308 30.74 30.74 1* 
<£1.00 - £1.99 255 25.45 56.19 2 
£2.00-£2.99 331 33.03 89.22 4 
≥£3.00 108 10.78 100.00 5 
Total 1002 100%   
* reference case 
Approximately one-third of respondents were charged either no fee for their parking 
(308 drivers) or £2.00-£2.99 for a parking space (331 drivers), while around one-
quarter paid <£1.00-£1.99 for a space (255 respondents). Fewer drivers paid ≥£3.00 
(10.78%) on the date of the survey. The price paid by individuals for on-street 
parking was often found to be related to the duration for which parking was required; 
with parking spaces located in central urban areas corresponding to a higher tariff if 
individuals were parking for a longer duration (up to a maximum stay of typically two 
hours). However, in more peripheral areas where long-duration parking (in excess of 
two hours) was permitted, fees were charged at a lower price than would be the 
tariff for an equivalent length of time if it were offered in a more central area of a city. 
Furthermore, where no fee was charged for on-street parking, this occurred in both 
central and outer streets, where various time limits were in operation (ranging from a 
maximum of thirty minutes in core areas up to and including unlimited duration at 
peripheral areas).  Where low numbers of observations were indicated within some 
variable categories these were aggregated, as indicated in Table 6.18. 
 
Table 6.18: Aggregated parking charge variable 
 
 
 
 
Variable: ‘ParkCharge’    
Original category  Aggregated category Code 
‘<£1.00’  
‘< £1.00 - £1.99’ 2 
‘£1.00-£1.99’ 
‘£3.00-£3.99’  
‘≥ £3.00’ 5 
‘£4.00-£4.99’ 
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    6.8.4       Weather Conditions 
Figure 6.10: Frequency analysis for ‘Weather’ (* reference case) 
 
 
 
 
 
 
 
 
 
 
The weather conditions on almost half of the days on which the survey was 
conducted were ‘warm/sunny’ (48.00% of the time). Most of the remaining days 
were ‘cool/light rain’ conditions, with 40.62% of occasions experiencing this weather 
type. Just less than 10% of the remaining weather conditions were ‘heavy rain’, 
‘cool/sunny’, or ‘warm/light rain’. The original variable for weather comprised many 
more categories, as can be seen in the table (Table 6.19), alongside the aggregated 
categories. 
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Table 6.19: Aggregated weather conditions variable 
 
    6.8.5       Trip Purpose 
Figure 6.11: Frequency analysis for ‘Trip Purpose’ (* reference case) 
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Variable: ‘Weather’ 
Original category  Aggregated category Code 
‘Warm/sunny’  
‘Warm/sunny’ 1 
‘Warm/sunny/windy’ 
‘Warm’ 
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Examination of the frequencies of various trip purposes indicated the most frequent 
driver purpose given as a reason for parking at the time of the survey was 
‘shopping’, with 361 drivers choosing this as their primary trip purpose (36.03%). 
This was followed by ‘work’, with 262 drivers selecting this option (26.15%). In third 
place was the purpose ‘personal business’, with 138 drivers or 13.77% selecting 
this. The trip purposes stated by the fewest number of drivers as being the reason 
for parking at the time of the survey were ‘business – trade’ with 4.59% (46 drivers), 
‘education’ (5.49% or 55 respondents), ‘social or entertainment’ with 6.89% or 69 
respondents, and ‘other’ (7.09% or 71 drivers). Aggregated trip purpose categories 
are shown in Table 6.20. 
Table 6.20: Aggregated trip purpose variable 
 
    6.8.6       Trip Time  
Figure 6.12: Frequency analysis for ‘Trip Time’ (* reference case) 
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The variable ‘TripTime’ indicated the most frequent journey time from origin to a 
parking place was 11-20 minutes, with 341 or 34.03% of drivers stating this was 
their trip time on the date the survey was conducted. This was followed by 21-30 
minutes, with 243 respondents (24.25%) of drivers selecting this as their trip length. 
The third most frequent option stated was less than 10 minutes which was chosen 
by 186 drivers (18.56%). Just over 90% of drivers undertook a journey time of 40 
minutes or less, with 134 drivers stating their trip time as being 31-40 minutes 
(13.37%). Almost all respondents had trip times of less than 1 hour (97.21%), with 
only 28 respondents or 2.79% selecting >60 minutes as their trip time. Several 
categories of trip time were aggregated into one category, as shown in Table 6.21. 
Table 6.21: Aggregated trip time variable 
    6.8.7       Time of Arrival at a Parking Place  
Figure 6.13: Frequency analysis for ‘Park Time’ (* reference case) 
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The findings for the variable ‘ParkTime’ highlighted that almost two-thirds of drivers 
who were approached and asked for willingness to participate in this survey had 
parked during the morning time, with 65.67% parking between the hours of 07:00 to 
11:59. Only a small number of respondents parked between 07:00-07:59 (69 
respondents or 6.89%). By mid-afternoon (14:59), almost 90% of drivers had parked 
(88.32%) on this particular day. No surveys were undertaken from 19:00 onwards; 
hence the period of the survey was 07:00 until 19.00.  
    6.8.8       Number of Parking Places Visited 
Figure 6.14: Frequency analysis for ‘Number of Parking Places Visited’                   
                                                                                           (* reference case) 
 
Almost two-thirds of drivers (655 respondents) had not visited any parking place 
other than the one in which they had parked when asked to complete the survey. 
Almost a quarter (250 drivers) had visited one other parking place before having 
parked in their current space. Therefore, over 90% of drivers had visited one or 
fewer parking places before having parked. Less than 10% of drivers (97 drivers or 
9.68%) had visited ≥2 parking places in searching for a parking space. The 
aggregated categories for the number of parking places visited are indicated in 
Table 6.22 below. 
Table 6.22: Aggregated number of parking places visited variable 
655 
65.37% 
250 
24.95% 
97 
9.68% 
 
Variable: ‘NumVisit’ 
Original category  Aggregated category 
Code 
 
‘2 places’  
‘≥ 2 places’ 4 
‘3 places’ 
‘4 places’ 
‘>4 places’ 
0 places*     
1place 
≥2 places 
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    6.8.9       Parking Habit 
Figure 6.15: Frequency analysis for ‘Parking Habit’ (* reference case)
 
The most frequent response regarding parking habit (in terms of choice of parking 
place) was that 397 drivers (39.62%) frequently park in the same parking place, 
while a further 313 drivers (31.24%) sometimes park in the same place, and 127 
drivers (12.67%) always park in the same parking place. In contrast, 121 
respondents (12.08%) rarely park in the same place. Drivers who had never before 
parked in their current parking place totalled 24 (2.40%) while an additional 20 
drivers (2.00%) were making their first visit to a city and had therefore not parked 
anywhere in the city on previous occasions. 
    6.8.10       Vehicle Occupancy 
Figure 6.16: Frequency analysis for ‘Vehicle Occupancy’ (* reference case) 
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Approaching two-thirds of respondents (60.48% or 606 drivers) were travelling on 
their own. The remaining one-third (30.64% or 307 drivers) were travelling with one 
passenger. Less than 10% were travelling in a vehicle with more than 2 people. 
Aggregated categories for vehicle occupancy are outlined in Table 6.23. 
 
Table 6.23: Aggregated vehicle occupancy variable 
 
 
     6.8.11       Vehicle Type 
Table 6.24: Frequency analysis for ‘Vehicle Type’ 
Vehicle type Frequency % Cum. % Code 
Small hatchback* 353 35.23 35.23 1* 
Medium 
hatchback/Saloon 
315 31.44 66.67 2 
Executive saloon 151 15.07 81.74 3 
4x4/SUV 108 10.78 92.51 4 
Light Goods Vehicle 64 6.39 98.90 5 
Sports Car 11 1.10 100.00 6 
Total 1002 100%   
* reference case 
Analysis of the frequencies of various vehicle types being driven when this survey 
took place found the most frequent vehicle type to be a ‘small hatchback’, with 353 
drivers stating this as the vehicle being driven on that particular occasion. This was 
followed by a ‘medium hatchback/saloon’, which was driven by 315 respondents. 
The third and fourth most frequently driven vehicles in this survey were an 
‘executive saloon’ (15.07% of drivers) and a ‘4x4/SUV’ (10.78% of respondents). 
Light goods vehicles were driven by 64 respondents (6.39%). 
 
 
 
 
Variable: ‘VehOcc’ 
Original category  Aggregated category Code 
‘4 people’  
‘>3 people’ 4 
‘>4 people’ 
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   6.8.12       Parking Duration 
Figure 6.17: Frequency analysis for ‘Duration’ (* reference case) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The findings for parking duration indicated that the highest number of responses 
occurred for the duration ‘1 hour–1.59 minutes’ with 212 respondents (21.16%) 
selecting this option. This was followed by the shortest duration of ‘≤30 minutes’ with 
202 drivers (20.16%) stating this was their expected duration. Table 6.25 shows the 
aggregated categories for parking duration. 
 
Table 6.25: Aggregated parking duration variable 
 
 
Variable: ‘Duration’    
Original category  Aggregated category Code 
‘<15 minutes’  
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    6.8.13       Proxy (‘Dummy’) Variable for Parking Duration 
After running the models it was found that the variable ‘Duration’ which also would 
have been expected to have been identified as significantly affecting parking search 
time did not indicate significance in the models. It was therefore decided to combine 
the variable categories to create a dichotomous (‘dummy’) variable by transforming 
the variable categories and recoding each as 0 or 1, as shown in Table 6.26 and 
then re-run the models in order to investigate whether variable transformation 
resulted in greater levels of variable significance. The original categories for the 
variable ‘Duration’ are shown in Table 6.26, along with the transformed dummy 
variable codes. 
Table 6.26: Proxy ‘dummy’ variable for ‘Duration’ 
Dummy variable Variable category 
Dummy 
variable code 
‘duration1’ 
‘≤30 minutes’ 1 
‘≠ ≤30 minutes’ 0 
‘duration2’ 
‘31 – 59 minutes’ 1 
‘≠ 31 – 59 minutes’ 0 
‘duration3’ 
‘1 hour – 1.59 minutes’ 1 
‘≠ 1 hour – 1.59 minutes’ 0 
‘duration4’ 
‘2 hours – 5.59 minutes’ 1 
‘≠ 2 hours – 5.59 minutes’ 0 
‘duration5’ 
‘≥6 hours’ 1 
‘≠ ≥6 hours’ 0 
     
 6.8.14       Vehicle Security 
Figure 6.18: Frequency analysis for ‘Vehicle Security’ (* reference case) 
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Analysis of this variable showed that almost three-quarters of respondents (719 
drivers or 71.76%) stated that vehicle security was ‘fairly important’ or ‘very 
important’. The figures of drivers for whom vehicle security was ‘very unimportant’ or 
‘fairly unimportant’ were lower, at 112 respondents (11.18%). The aggregated 
categories for vehicle security can be seen below in Table 6.27. 
Table 6.27: Aggregated vehicle security variable 
    
 6.8.15       Respondent Age 
Figure 6.19: Frequency analysis for ‘Respondent Age’ (* reference case) 
 
 
The figures indicated that slightly more respondents fell into the age groups ‘26 – 35 
years’, ‘36 – 45 years’, ‘46 – 55 years’, and ‘56 – 65 years’, with these groups 
accumulating 78.24% of total respondents. In contrast, the older age group ‘>65 
years’ and the younger age group ‘<26 years’ had lower numbers of respondents 
(10.68% and 11.08% respectively). The aggregated variable categories for 
respondent age are shown in Table 6.28. 
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Table 6.28: Aggregated age of driver variable 
 
    6.8.16       Ethnicity 
Figure 6.20: Frequency analysis for ‘Ethnicity’ (* reference case) 
 
Analysis of ‘Ethnicity’ indicated that most respondents were of ‘white’ ethnicity. The 
second highest category was for drivers of ‘Asian/Asian British’ ethnicity. 
Aggregated variable categories are highlighted in the table below (Table 6.29). 
 
Table 6.29: Aggregated driver ethnicity variable 
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  6.8.17       Direction of Traffic Flow / Road Width  
Table 6.30: Frequency analysis for ‘Direction of Traffic Flow / Road Width’ 
Direction of traffic 
flow / road width 
Frequency % Cum. % 
Code 
One-way and narrow* 289 28.84 28.84 1* 
Two-way and narrow 157 15.67 44.51 2 
One-way and medium 65 6.49 51.00 3 
Two-way and medium 446 44.51 95.51 4 
One-way and wide 2 0.20 95.71 5 
Two-way and wide 43 4.29 100.00 6 
Total 1002 100%   
* reference case 
The interaction variable for ‘direction of traffic flow’ and ‘road width’ showed the 
highest number of cases to be in the category ‘two-way (flow) and medium (width)’, 
with almost half of cases being classified in this category. The next highest category 
was for ‘one-way (flow) and narrow (width)’, with 28.84% of cases falling into this 
category. Very few cases (2 in total) fell under the category of ‘one-way (flow) and 
wide (width)’. 
 
    6.8.18       Familiar 
Table 6.31: Frequency analysis for ‘Familiar’ 
Familiar Frequency % Cum. % Code 
Very unfamiliar 25 2.50 2.50 1* 
Fairly unfamiliar 57 5.69 8.18 2 
Neither unfamiliar nor 
familiar 
125 12.48 20.66 3 
Fairly familiar 457 45.61 66.27 4 
Very familiar 338 33.73 100.00 5 
Total 1002 100%   
* reference case 
Analysis shows that most drivers were ‘fairly familiar’ or ‘very familiar’ with the local 
area in which they had parked, with over three-quarters (79.34%) choosing either 
one of these options. Very few drivers (25 respondents) were ‘very unfamiliar’ with 
their surroundings. 
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    6.8.19       Proxy (‘Dummy’) Variable for ‘Familiarity’ 
Analysis showed that for two categories of this variable (‘very unfamiliar’ and ‘fairly 
unfamiliar’) there were fewer responses than for the other three categories. When 
the models were run it was additionally observed that this variable did not indicate 
significance, which was unexpected. It was therefore decided to aggregate the 
categories as shown in Table 6.32 to create a dummy variable for ‘Familiarity’ using 
the dichotomous codes 0 and 1. 
Table 6.32: Proxy ‘dummy’ variable for ‘Familiarity’ 
Variable Variable category 
Dummy 
variable 
Dummy 
variable 
code 
‘Familiar’ 
‘very unfamiliar’ 
‘fairly unfamiliar’ 
‘neither unfamiliar nor familiar’ ‘familiarity’ 
0 
‘fairly familiar’ 
‘very familiar’ 
1 
 
The frequency values for the aggregated dummy variable ‘Familiarity’ are shown in 
Table 6.33. The figures indicated that, as before when the categories were not 
aggregated, most drivers were ‘very familiar or fairly familiar’ with the locality in 
which they had parked. 
 
Table 6.33: Frequency analysis for proxy ‘dummy’ variable ‘Familiarity’ 
Familiarity Frequency % Cum. % Code 
Very familiar or fairly 
familiar* 
795 79.34 79.34 1* 
Very unfamiliar, fairly 
unfamiliar or neither 
unfamiliar nor familiar 
207 20.66 100.00 0 
Total 1002 100%   
* reference case 
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    6.8.20       Income  
Figure 6.21: Frequency analysis for ‘Income’ (* reference case) 
 
 
 
Analysis of the income variable showed that the greatest number of drivers stated 
an income of ‘£10,000 - £20,000’, with 347 drivers choosing this option (41.07%). 
The least number of respondents fell into the two highest income categories 
‘£41,000 - £50,000’ and ‘>£50,000’, with each having 59 respondents giving one of 
these responses. The aggregated categories for driver income are shown in Table 
6.34. 
Table 6.34: Aggregated driver annual income variable 
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6.8.21       Creation of a Proxy Variable for ‘Income’ 
The variable ‘Income’ was identified in the literature as being an important 
influencing factor of parking search time. However, the dataset obtained in this study 
from conducting on-street parking surveys had 158 missing observations for 
‘Income’, whereby survey respondents had declined to provide details and which 
resulted in 845 valid observations. It was therefore decided to calculate a proxy 
variable for income using Index of Multiple Deprivation data (IMD) from the Office for 
National Statistics (ONS), 2011 Census for England and Wales. The calculation 
process is outlined below. 
Step 1: Six or seven digit home postcode primary data collected from the on-street 
parking survey respondents were merged with a secondary data source, that of the 
national postcode geo-coordinate data. Data collected from the on-street survey had 
739 observations where a home postcode had been given, which equated to 263 
missing values in the dataset. 
Step 2: If the home postcodes matched with national postcode geo-coordinate data, 
this created x,y geo-coordinates. These were plotted on a map shown in Figure 6.2. 
After merging the home postcode data with national postcode geo-coordinate data 
in order to check the validity of the postcodes, this resulted in 691 valid 
observations; thus 48 home postcodes were invalid and had not been matched with 
national postcode geo-coordinate data. The invalid home postcode data may have 
been due to errors in recording some postcodes when the surveys were undertaken. 
Having 691 valid observations resulted in overall 311 observations that were either 
missing or invalid. 
Step 3: The x,y geo-coordinates were superimposed onto the 2011 census data of 
IMD lower layer super output areas (LLSOA). This enabled identification of the 
home postcodes that fell within the various LLSOAs, although only within larger 
boundary areas. 
Step 4: Whichever IMD LLSOA into which the geo-coordinates fell formed a proxy 
variable for income for that particular home postcode and hence, for each survey 
respondent.  
Step 5: The multilevel linear regression models were performed using the proxy 
income variable (‘IncomeDep’) that had been created using IMD LLSOA data. 
‘IncomeDep’ was not found to be significant in the models.  
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     6.8.22       Additional Categorical Variables Utilised in the Regression  
                      Models 
The remaining variables that have been included in the regression models are listed 
below in Table 6.35, whereby the frequencies and percentages that comprise the 
individual categories of each variable are outlined. The variables: ‘Home Postcode’, 
‘Vehicle Make and Model’, ‘Date of Survey’ and ‘Street Name’ have not been 
included in this table since the large number of responses received from the survey 
would have created an equally large number of categories. These were, therefore, 
considered as being too numerous to list in this table. 
Table 6.35: Additional categorical variables utilised in the regression models 
Variable Categories Frequency 
Percentage 
(%) 
Age of vehicle 
occupants (‘OccAge’) 
‘18 - 64 years’ 882 88.02 
‘Predominantly ≥65 years’ 101 10.08 
‘Predominantly <18  years’ 19 1.90 
    
Heavy Equipment 
(‘HeavyEquip’) 
‘Yes’ 117 11.68 
‘No’ 885 88.32 
    
Pre-parking assistance 
(‘Assist’) 
‘Yes’ 57 5.69 
‘No’ 945 94.31 
    
Usefulness of pre-
parking assistance 
(‘AssistUse’) 
‘Not applicable as did not 
use’ 
945 94.31 
‘Very unhelpful or fairly 
unhelpful’ 
3 0.30 
‘Neither unhelpful nor helpful’ 2 0.20 
‘Very helpful or fairly helpful’ 52 5.19 
    
Personal safety 
(‘Safety’) 
‘Very unimportant or fairly 
unimportant’ 
97 9.68 
‘Neither unimportant nor 
important’ 
204 20.36 
‘Fairly important’ 420 41.92 
‘Very important’ 281 28.04 
    
Sex of driver 
(‘RespSex’) 
‘Male’ 614 61.28 
‘Female’ 388 38.72 
    
Whether driver has a 
disability (‘Disability’) 
‘Yes’ 53 5.29 
‘No’ 949 94.71 
    
Whether driver has a 
‘blue badge’ 
(‘BlueBadge’) 
‘Yes’ 53 5.29 
‘No’ 949 94.71 
    
Direction of traffic flow 
(‘TrafficFlow’) 
‘One-way’ 356 35.53 
‘Two-way’ 646 64.47 
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Type of carriageway 
(‘Carriageway’) 
‘Single’ 961 95.91 
‘Dual’ 41 4.09 
    
Width of road 
(‘RoadWidth’) 
‘Narrow’ 446 44.51 
‘Medium’ 511 51.00 
‘Wide’ 45 4.49 
    
Type of parking bay 
(‘BayType’) 
‘One long parallel bay’ 725 72.36 
‘Individual perpendicular 
spaces’ 
54 5.39 
‘No marked bays’ 148 14.77 
‘Mixed bays’ 75 7.49 
    
Whether spaces are 
for use by disabled 
drivers (‘Disabled’) 
‘Yes’ 157 15.67 
‘No’ 845 84.33 
    
Carriageway side(s) 
on which parking bays 
are located 
(‘ParkSides’) 
‘One side’ 412 41.12 
‘Both sides’ 590 58.88 
    
Direction of traffic flow 
and carriageway 
side(s) on which 
parking spaces are 
located  
(Interaction variable) 
(‘DirectionSides’) 
‘One-way and one side’ 173 17.27 
‘One-way and two sides’ 201 20.06 
‘Two-way and one side’ 251 25.05 
‘Two-way and two sides’ 377 37.62 
 
6.9 Conclusion 
This chapter has outlined the on-street parking survey data collection and 
descriptive statistics’ analysis of the variables included in the statistical models. The 
chapter commenced with the process of developing the survey content and format. 
This process comprised selecting those factors from the literature and from 
interviews conducted with local authority Council Officers that were considered as 
important in influencing on-street parking search time. These factors were 
incorporated into the content and wording of the survey questions and ultimately led 
to the creation of the variables that were included in the statistical linear regression 
modelling analysis; the results of which are discussed in detail in Chapter 7. Checks 
were able to be performed on respondents’ understanding of the survey questions 
and answer formats by means of conducting a pilot study among individual drivers 
who were utilising on-street parking in one of the cities (Lincoln). Following the pilot 
study, and prior to undertaking the full survey across all four cities, amendments 
were made to improve the survey; a full explanation of which has been outlined 
earlier in this chapter. This chapter also outlined the supply-side parking factors that 
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were considered as being of potential importance in influencing parking search time 
and which were, therefore, entered into the modelling analysis alongside the driver 
demand-side factors that had been examined within the parking survey. The parking 
supply characteristics comprised highway characteristics that included: type of 
parking bays; road width; carriageway; and number of parking spaces. 
 
This chapter additionally described the coding of different categories within each 
variable, details of aggregated and proxy variables that had been performed when 
appropriate, and clear definitions of each of the variable names included in the 
survey and modelling analysis. An emphasis on understanding the variables through 
performing descriptive statistics on the data, prior to undertaking the regression 
modelling, was discussed. The descriptive statistics’ section of the chapter 
contained clear identification of the reference cases for each specific variable, 
against which the remaining categories within each variable would be compared 
when undertaking the modelling analysis. Having obtained a thorough 
understanding of the variables through the undertaking of descriptive statistics’ 
analysis, this leads naturally to the next chapter, in which the results of the statistical 
regression modelling analysis will be examined. 
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7.1 Introduction 
The previous chapter focused on the process of survey data collection and reported 
the findings of descriptive statistics analysis undertaken of on-street parking survey 
data. This chapter extends the data analysis and describes the findings from 
statistical modelling analysis which was conducted in order to identify significant 
variables that influenced drivers’ parking search time. This can be achieved through 
the development of a statistical model that can explain the relationship between 
parking search time and the factors affecting search time. Models were developed 
following preliminary analysis using descriptive statistics and tests of correlation 
among variables. An initial statistical model was developed in the form of a city-
based linear regression model in which the dependent variable was parking search 
time and the independent variables were the influencing factors. Linear regression 
models were developed for four individual cities in the East Midlands region of the 
UK (Derby, Leicester, Lincoln, and Nottingham). Subsequent models comprised a 
single-level (pooled data) linear regression model and two multilevel linear 
regression models which utilised either cities or streets as Level 2 (area level) 
variables. Each of the models was run repeatedly, in order to analyse the effect on 
parking search time of excluding, or including, certain variables and the influence of 
various combinations of variables on the significance of the model results. Care was 
taken in selecting explanatory variables and the order in which they were included in 
the model; variables known from past research as having importance in predicting 
the outcome were entered first, with subsequent variables entered hierarchically 
according to perceived importance. Results are reported in this chapter for each of 
the models.  
7.2 Test for Correlation (Multicollinearity) Between Independent Variables 
Prior to developing the regression models, a test for correlation was conducted for 
the explanatory variables. This test was performed in order to discover the strength 
or degree of a linear relationship between pairs of explanatory variables 
(multicollinearity). The Pearson product-moment correlation coefficient, or Pearson 
correlation coefficient, measured the strength of (linear) association through 
providing standardised covariance values of between +1 and -1, where +1 indicated 
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a perfect positive correlation (perfect collinearity) between two variables (such that 
as a particular independent variable increased, the dependent variable Search Time 
also increased); -1 identified a perfect negative correlation between two variables 
(meaning that as a specified independent variable increased, the length of drivers’ 
Search Time decreased); and 0 indicated no linear relationship existed between two 
specified variables (so that as an independent variable either increased or 
decreased, Search Time remained completely constant). The results for variables 
that were tested for a correlational relationship are shown in Table 7.1. 
 
Table 7.1: Highly correlated variables  
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Assist  1.0 -0.9857      
AssistUse -0.9857 1.0      
*Security    1.0 +0.8924    
Safety   +0.8924 1.0    
RoadWidth      1.0  +0.9602 
TrafficFlow 
(direction of 
traffic flow) 
     1.0 +0.7419 
*FlowWidth 
(interaction 
variable - 
direction of 
traffic flow 
and road 
width) 
    +0.9602 +0.7419 1.0 
*Variables used in the models 
It was found that the variable ‘Assist’ (whether the driver had any pre-parking 
assistance in locating a vacant parking space) was significantly and negatively 
correlated (-0.9857) with ‘AssistUse’ (how useful the individual found the 
assistance), indicating a nearly perfect relationship. When the variable ‘Assist’ was 
applied within each of the regression models, it was not found to be significant and 
therefore was not included within any of the final models. ‘Vehicle Security’ and 
‘Personal Safety’ variables were identified as being highly correlated in a positive 
direction (+0.8924). When applying ‘Security’ within the single-level (pooled) and 
multilevel (City and Street Level) regression models it was also found not to be 
significant and was subsequently removed from these models. However, ‘Security’ 
was identified as a significant variable within the individual city single regression 
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models and hence was included in these models. Other highly correlated variables 
in a positive direction were an interaction variable ‘FlowWidth’ (a combination 
variable comprising direction of traffic flow and road width), with ‘RoadWidth’ 
(+0.9602) and ‘TrafficFlow’ (+0.7419). Again, these variables were not significant 
within the single-level (pooled) and multilevel (Street Level) regression models so 
were not included in the final models. However, they did indicate significance for the 
individual city single regression models and for the multilevel regression model (City 
Level). 
7.3 Statistically Significant Variables in the Models 
Repeated applications of the regression models were run utilising combinations of 
demand- and supply-side variables, in order to identify the significant variables that 
affected parking search time. It was found that two of the new supply-side variables 
that had been investigated after having conducted the surveys were significant; 
these were ‘FlowWidth’ (interaction variable comprising direction of traffic flow and 
road width) and ‘NumSpaces’ (number of parking spaces provided at parking place). 
The supply-side variables were applied into the regression models as Level 2: area 
level variables. Other variables applied as Level 2: area level variables were 
‘AreaType’, ‘CityName’, and ‘ParkCharge’. The remaining demand-side variables 
were applied into the regression models at Level 1: respondent (driver) level 
variables. It should be noted that not all the variables indicated significance in each 
of the regression models, as is highlighted in Table 7.2. The models performed 
were: individual regression models for each city; a single-level (pooled data) 
regression model; a multilevel (Street Level) model; and a multilevel (City Level) 
regression model. Not all of the variables listed in Table 7.2 were found to be 
significant in every model; however, all were significant in at least one of the models. 
For the purposes of clarity in completing Table 7.2 the models have been named as 
Model indCity (individual city models), Model S (single-level model), Model M 
(multilevel Street Level model), and Model C (multilevel City Level model).  
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Table 7.2: Significant variables in the regression models 
Continuous variables 
Variable Model(s) in which significant 
SearchTime Dependent Variable 
WalkTime All 
NumSpaces indCity 
Categorical variables 
Variable Model(s) in which significant 
Purpose indCity, Model M 
Duration indCity 
Habit indCity, Model S, Model M 
Familiar indCity 
VehOcc indCity, Model S, Model C 
TripTime All 
ParkTime All 
NumVisit All 
Security indCity 
RespAge indCity 
Ethnic indCity 
VehType All 
Income1 indCity 
Weather All 
FlowWidth indCity, Model C 
ParkCharge All 
AreaType Model C, Model S, Model M 
CityName Model S, Model M 
 
7.4 Individual City Single-Level Linear Regression Models 
Single-level linear regression models were initially developed for each of the four 
cities in the study. Due to the existence of missing values for the ‘income’ variable, 
two individual city models were developed, one which included income and had 845 
drivers and another excluding income with 1,002 drivers. This was in order to 
observe whether there was any significant difference between cities in terms of 
factors affecting search time. The results are presented in Table 7.3 (including 
‘Income’) and Table 7.4 (excluding ‘Income’) and the models are termed Model N 
(Nottingham), Model L (Leicester), Model D (Derby), and Model Ln (Lincoln). A 
comparison of the four cities is discussed in this section; while analysis of each 
individual city is detailed in Appendix VI. 
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Table 7.3: Comparison of significant variables across cities (incl. income) 
 
 
Dependent 
variable = 
Search Time 
 
 
City Name 
Lincoln 
(Model Ln) 
Nottingham 
(Model N) 
Leicester 
(Model L) 
Derby 
(Model D) 
*Significant at a 90% confidence level 
**Significant at a 95% confidence level 
 
t-stat t-stat t-stat t-stat 
Walk Time - - +4.16** +3.05** 
Familiarity - - - -2.55** 
Trip Purpose 
Work (reference 
case) 
- - - - 
Business 
(Trade) 
- -1.77* - -3.86** 
Shopping - - - -4.72** 
 Personal 
business 
- - - -4.26** 
Social/ 
entertainment 
- - - -3.13** 
Other +1.98** - - -2.22** 
Habit 
 
 
 
 
 
I always park 
here (reference 
case) 
- - - - 
I rarely park 
here 
- +2.75** +1.88* - 
I never park 
here 
+2.31** - - - 
This is my first 
visit 
- +2.31** +2.54** -2.27** 
Parking Duration  
≤30 minutes 
(reference case) 
- - - - 
31-59 minutes - - - +4.54** 
 1hr-1.59 mins - - -3.17** +4.74** 
2hrs-5.59 mins - - -2.40** +4.50** 
≥6 hours +2.70** - - -5.04** 
Vehicle Occupancy  
1 (driver only) 
(reference case) 
- - - - 
2 people - -2.03** - - 
Trip Time  
 
 
 
≤10 minutes 
(reference case) 
- - - - 
21-30 minutes - - +1.79* 
 
- 
31-40 minutes - - +1.88* 
 
- 
41-50 minutes - - +1.88* 
 
+2.36** 
51-60 minutes - -1.90* 
 
+2.97** - 
>60 minutes - +2.04** - - 
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Number of Parking Places Visited (on this trip)  
0 places 
(reference case) 
- - - - 
1 place +1.88* 
 
+2.19** 
 
- +3.45** 
 ≥2 places +4.61** +3.55** +3.62** +2.12** 
Vehicle Security  
 
 
 
 
 
Very or fairly 
unimportant 
(reference case) 
- - - - 
Fairly important - - - -1.78* 
Age of Driver 
<26 years 
(reference case) 
- - - - 
26-35 years -2.89** 
 
- - - 
36-45 years -2.76** +1.92* 
 
- - 
46-55 years -2.76** 
 
+1.78* 
 
- -1.84* 
56-65 years -3.42** 
 
- - - 
>65 years -2.01** +2.56** - - 
Ethnicity of Driver  
White (reference 
case) 
- - - - 
Asian/ 
Asian British 
- -2.75** - - 
Other - - +3.35** - 
Income of Driver 
 <£10,000 
(reference case) 
- - - - 
£10,000 - 
£20,000 
+2.17** - - - 
£31,000 - 
£40,000 
+2.51** - - - 
£41,000 - 
£50,000 
- - - +2.05** 
Parking Charge  
 No fee 
(reference case) 
- - - - 
<£1.00 - £1.99 - - - +2.17** 
 £2.00 - £2.99 - - +1.83* 
 
- 
≥£3.00 - - +3.69** - 
Park Time  
 
 
07:00-07:59 
(reference case) 
- - - - 
08:00-08:59 - - +2.19** - 
09:00-09:59 +3.20** 
 
- +6.24** 
 
- 
10:00-10:59 +3.28** 
 
- +5.99** 
 
- 
11:00-11:59 +2.98** 
 
+1.78* 
 
+5.23** 
 
- 
12:00-12:59 +3.53** 
 
+2.03** 
 
+7.03** 
 
- 
13:00-13:59 +3.33** +1.83* 
 
+5.29** 
 
- 
14:00-14:59 - - +2.32** - 
16:00-16:59 - +1.79* 
 
- - 
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Weather  
Warm/sunny 
(reference case) 
- - - - 
Cool/light rain - - - +2.90** 
 Cool/sunny -1.82* - - - 
Warm/light rain - - - +4.55** 
Vehicle Type  
Small hatchback 
(reference case) 
- - - - 
Executive 
saloon 
- - - -2.37** 
Light Goods 
Vehicle 
- - - +2.39** 
Sports car - -2.45** - - 
Number of 
Spaces  
+1.81* - - - 
Interaction variable of Direction of Traffic Flow and Road Width 
 One-way and 
narrow 
(reference case) 
- - - - 
Two-way and 
narrow 
- -1.78* - -1.73* 
Two-way and 
medium 
- - - -2.22** 
R
2
 value 0.5383 0.5267 0.7153 0.7347 
Adjusted  
R
2
 value 
0.3413 0.2917 0.6041 0.6296 
No. of 
Observations 
195 212 229 209 
 
 
Table 7.4: Comparison of significant variables across cities (excl. income) 
 
 
Dependent 
variable = 
Search Time 
 
 
City Name 
Lincoln 
(Model Ln) 
Nottingham 
(Model N) 
Leicester 
(Model L) 
Derby 
(Model D) 
*Significant at a 90% confidence level 
**Significant at a 95% confidence level 
 
t-stat t-stat t-stat t-stat 
Walk Time - +3.99** +4.79** +2.33** 
Familiarity - - - -1.75* 
Trip Purpose  
Work (reference 
case) 
- - - - 
Business 
(Trade) 
- -1.70* - -3.76** 
Shopping - - - -5.21** 
 Personal 
business 
- - - -4.55** 
Social/ 
entertainment 
- - - -3.68** 
Other - - - -2.13** 
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Habit  
I always park 
here (reference 
case) 
- - - - 
I never park 
here 
+2.17** - - - 
This is my first 
visit 
- +2.05** +2.49** -2.21** 
Parking Duration  
≤30 minutes 
(reference case) 
- - - - 
31-59 minutes - - -2.13** 
 
+4.08** 
 1hr-1.59 mins - - -3.24** 
 
+4.43** 
 2hrs-5.59 mins - - -2.63** +5.20** 
 ≥6 hours +2.02** - - -5.22** 
Vehicle Occupancy  
 
 
1 (driver only) 
(reference case) 
- - - - 
2 people - -2.19** - - 
Trip Time  
≤10 minutes 
(reference case) 
- - - - 
11-20 minutes - - +2.45** 
 
- 
21-30 minutes - - +2.77** 
 
- 
31-40 minutes - - +2.25** 
 
- 
41-50 minutes - - +2.50** 
 
+1.98** 
51-60 minutes - -1.71* 
 
+3.07** - 
>60 minutes - +1.73* - - 
Number of Parking Places Visited (on this trip)  
0 places 
(reference case) 
- - - - 
1 place - +3.50** 
 
- +4.28** 
≥2 places +4.92** +6.77** +3.91** - 
Vehicle Security  
  Very or fairly 
unimportant 
(reference case) 
- - - - 
Neither 
unimportant nor 
important 
+1.76* - - - 
Fairly important +2.79** 
 
- - - 
Very important +2.62** - - +1.76* 
Age of Driver  
<26 years 
(reference case) 
- - - - 
26-35 years -2.93** 
 
- - - 
36-45 years -2.74** 
 
+1.92* 
 
- - 
46-55 years -3.07** 
 
- - - 
56-65 years -3.10** 
 
- - - 
>65 years -2.81** +1.89* - - 
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Ethnicity of Driver 
White (reference 
case) 
- - - - 
Asian/ 
Asian British 
- -2.68** - - 
Other - - +2.82** - 
Parking Charge  
 No fee 
(reference case) 
- - - - 
<£1.00 - £1.99 - - - +2.60** 
≥£3.00 - - +4.00** - 
Park Time  
 
 
07:00-07:59 
(reference case) 
- - - - 
08:00-08:59 +2.22** 
 
- +2.40** 
 
- 
09:00-09:59 +3.55** 
 
- +6.49** 
 
- 
10:00-10:59 +3.55** 
 
- +5.80** - 
11:00-11:59 +3.61** 
 
- +5.72** 
 
- 
12:00-12:59 +3.73** 
 
- +7.10** 
 
+1.77* 
 13:00-13:59 +3.64** 
 
- +5.43** 
 
- 
14:00-14:59 - - +1.79* +1.73* 
Weather  
Warm/sunny 
(reference case) 
- - - - 
Cool/light rain - -1.84* - +2.90** 
 Cool/sunny - - -1.72* - 
Warm/light rain - - - +5.11** 
Vehicle Type  
Small hatchback 
(reference case) 
- - - - 
Light Goods 
Vehicle 
- - - +2.16** 
Sports car - -1.96** - - 
Number of 
Spaces  
+1.85* - - - 
Interaction variable of Direction of Traffic Flow and Road Width 
One-way and 
narrow 
(reference case) 
- - - - 
Two-way and 
narrow 
- -2.12** - -2.01** 
One-way and 
medium 
- -1.77* - - 
Two-way and 
medium 
- - - -1.81* 
R
2
 value 0.4875 0.4389 0.7310 0.7256 
Adjusted  
R
2
 value 
0.3018 0.2992 0.6433 0.6318 
No. of 
Observations 
204 332 249 217 
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   7.4.1        Comparison of the Four Cities 
Comparing the significance of variables across city models, inconsistencies were 
evident in terms of the variables that were found to be significant at 95% (p<0.05) or 
90% (p<0.10) levels and also regarding the (positive or negative) direction of 
significance. A significance level (or confidence interval) indicates that, “for a given 
statistic calculated for a sample of observations……, the confidence interval is a 
range of values around that statistic that are believed to contain, with a certain 
probability…..[for instance, 95% or 90%], the true value of that statistic (i.e. the 
population value)” (Field, 2009, pp.783). In addition to inconsistencies displayed 
within variables across city models, it was also found that, in some instances, 
variables displayed inconsistencies across categories within a variable; for example, 
‘Duration’ in the Derby models and ‘TripTime’ in the Nottingham models. In the two 
models that included and excluded ‘Income’, two variables ‘NumVisit’ and ‘Habit’ 
indicated significant coefficient values across all four cities. Whereas ‘NumVisit’ 
showed consistent positive values across the cities, ‘Habit’ was significant in a 
positive direction for Lincoln, Nottingham and Leicester models, but indicated a 
negative and significant value for the Derby model. Variables that indicated 
significance across three out of four cities were (in the model including ‘Income’): 
‘Duration’ (some values identified as having a positive direction; others indicated a 
negative direction), ‘TripTime’ (positive and negative direction), ‘Purpose’ (positive 
and negative direction), ‘RespAge’ (again, positive and negative in different cities) 
and ‘ParkTime’ (all displayed positive directional values). Also significant in two of 
the city models for the model that included ‘Income’ were the variables: ‘WalkTime’, 
‘Ethnic’, ‘Income’, ‘ParkCharge’, ‘Weather’, ‘VehType’ and ‘FlowWidth’. For the 
model excluding ‘Income’, variables that indicated significance across three of the 
city models were: ‘WalkTime’, ‘Duration’, ‘TripTime’, ‘ParkTime’ and ‘Weather’ 
although, again, there were differences in the direction of the significance across 
cities and also within categories of the same city. Across two out of the four city 
models, the significant variables were indicated as being: ‘Purpose’, ‘Security’, 
‘Ethnic’, ‘RespAge’, ‘ParkCharge’, ‘VehType’, and ‘FlowWidth’, with differences 
displayed in the direction of significance across some of the city models for the 
variables ‘Ethnic’ and ‘VehType’. Consistently positive and significant values were, 
however, found across models including and excluding ‘Income’ for ‘WalkTime’, 
‘NumVisit’, ‘ParkTime’ and ‘ParkCharge’. Consistent negative values were indicated 
for the variable ‘FlowWidth’. The highest coefficient value for the model including 
‘Income;’ was category six in the ‘ParkTime’ variable, with a value of +7.03 minutes’ 
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parking search time, compared to the reference case ‘07:00-07:59’. It should be 
noted that the reference case is a selected category within each variable (in this 
example, the variable ‘ParkTime’), against which other categories belonging to the 
same variable are compared, after having performed the regression modelling 
analysis. Within the model excluding ‘Income’, the ‘ParkTime’ variable increased to 
+7.10 minutes’ search time in category six; thereby remaining as the highest 
coefficient significance value across the two models. 
7.5 Model ‘Goodness of Fit’ 
The coefficient of determination (R2) provides a summary measurement of the 
‘goodness of fit’ of the fitted sample regression line to the actual values from a 
dataset used in the models (Gujarati and Porter, 2009). Furthermore, R2 can be 
interpreted as the proportion of the total variance in Y that can explained by 
variability in X (Steele, 2008). When performing a regression model, it is expected 
that the residuals around the regression line (positive errors and negative errors) are 
as small as possible as this will provide a much better fit of the model to the data. R2 
is a non-negative quantity and has limits of 0 ≤ R2 ≤ 1, where R2 of 1 indicates a 
perfect fit between the regression model and the data from which it was generated; 
alternatively, R2 of 0 means that no relationship exists between the model and the 
dataset. Looking at the R2 values of the four individual city regression models, firstly 
for those including the variable ‘Income’, it is indicated that the model with an R2 
value closest to 1 and, therefore, the highest ‘goodness of fit’ between the model 
and the data is for the Derby model, with an R2 value of 0.7347. The model for 
Leicester also has a high ‘goodness of fit’ between the model and data, with an R2 
value of 0.7153. The models for Nottingham and Lincoln have indicated lower 
‘goodness of fit’ between the models and the datasets, with R2 values falling closer 
to halfway between 0 and 1, with recorded values of 0.5267 and 0.5383 
respectively. Comparing the R2 values with those for the individual city models when 
the ‘Income’ variable was excluded, it can be seen that for the Leicester model, the 
R2 value indicated a better ‘goodness of fit’, with a value of 0.7310. This contrasted 
with the three other city models, wherein each indicated a slight decrease in R2 
values and, hence, in ‘goodness of fit’ of the models to the data. While the decrease 
in the model for Derby was slight (declining from 0.7347 to 0.7256), the Nottingham 
and Lincoln models showed a greater drop in the value of R2, from 0.5267 to 0.4389 
(Nottingham) and from 0.5383 to 0.4875 (Lincoln), indicating a lower ‘goodness of 
fit’ when the ‘Income’ variable was excluded from the model.  
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The adjusted R2 values for each city model offer an extra measurement of model 
‘goodness of fit’ which takes into account the number and addition of further 
variables to the models and could therefore be considered to be a better 
comparative measure than R2 (Gujarati and Porter, 2009). This ‘goodness of fit’ 
measure is penalised by model complexity; the adjusted R2 value will only increase 
if the additional predictors are accounting for some of the variability in the response 
(Steele, 2008). The adjusted R2 value indicates the shrinkage, or loss of predictive 
power, of a regression model if the model had been derived from the population 
from which the sample was taken rather than the sample itself; ideally the adjusted 
R2 value should be the same or very close to the value of R2 (Field, 2009). As would 
have been expected given that adjusted R2 values are always less than or equal to 
R2 values, the adjusted R2 findings in the four individual city models all indicated 
lower values than those observed in the R2 values; therefore displaying slightly 
lower ‘goodness of fit’ in the models when the adjusted R2 values were considered. 
The findings for the adjusted R2 values (including ‘Income’) follow the same pattern 
as did the results for the R2 values; the Derby model having the highest ‘goodness of 
fit’, followed by Leicester, which also had a high ‘goodness of fit’, then Lincoln and  
Nottingham with lower adjusted R2 values and hence lower levels of ‘goodness of 
fit’. Similar to the findings of the R2 value for the models excluding ‘Income’, the city 
with the highest adjusted R2 value and therefore the highest level of ‘goodness of fit’ 
was Leicester; followed by Derby, also with a high adjusted R2 value, then Lincoln 
and Nottingham, with lower adjusted R2 values and hence lower ‘goodness of fit’.  
Applying the linear regression model to each individual city has enabled 
identification of variables that demonstrated significance in the models, in addition to 
identifying those variables that displayed the greatest significance levels. 
Identification was undertaken of variables which showed consistent (positive or 
negative) directional values across the cities. Furthermore, those variables which 
were less consistent in terms of positive and negative values across the cities and 
which were revealed as having lower significant coefficient values have also been 
highlighted. 
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7.6 Multilevel Linear Regression (City Level) Model 
Data from 1,002 drivers across the four cities were subsequently utilised to develop 
a multilevel linear regression (city level) model with the four cities at Level 2 and 
driver respondents at Level 1 (Table 7.5); this model was termed Model C. The 
variable ‘income’ was not significant in the city level model hence only one model 
excluding income and utilising the complete dataset of 1,002 drivers was ultimately 
developed. The multilevel linear (city level) regression model was run utilising the 
following variables: Search Time; Walk Time; Park Time; Weather; Trip Time; 
Vehicle Type; Number of Parking Places Visited; Parking Charge; Area Type; 
Vehicle Occupancy; Flow Width (an interaction variable that comprised the direction 
of traffic flow and road width) and City Name. 
The results for the city level multilevel model (Model C) depicted in Table 7.5 
indicated the strength of association between the dependent and independent 
variables as identified by the pseudo R2 (McFadden’s R2) value as being +0.0877. 
While pseudo R2 values of between 0.2 and 0.4 would have been considered as 
representing a very good model fit (Hensher and Johnson, 1981), the value here of 
+0.0877 could be considered as a good model fit. The intra-class correlation 
coefficient (ICC) summarises dependence in data for clusters within the same 
context of size greater than 2 and also clusters of variable sizes. Thus, the ICC can 
be utilised as a measure of dependency between observations. For instance, if a 
city had a large effect on the drivers parking in it then the variability among drivers 
within the city will be small; as such, variability in the outcome within cities is 
minimised, and variability in the outcome between cities is maximised; therefore the 
ICC is large. Conversely, if the city had little effect on the drivers parking in it then 
the outcome will vary considerably within cities, which will make differences between 
cities relatively small; therefore, the ICC will also be small. Thus, the ICC is a useful 
indicator of whether a contextual variable has an effect on the outcome (Field, 
2009). In this model the ICC was found to be 0.209 suggesting that 20.9% of the 
variation in parking search time could be attributed to city-wide differences in issues 
related to parking search. The standard error of the regression indicates the 
standard deviation of the Y values about the estimated regression line and thus 
provides a measure of the ‘goodness of fit’ of the model to the data and hence the 
degree to which the particular sample in this study represents the population. A 
model with a better ‘goodness of fit’ would be expected to have a smaller standard 
error (relative to the sample mean), thereby indicating less variability between the 
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means of different samples and indicating that the sample is likely to be similar to 
and an accurate representation of the population (Field, 2009).  
The findings in Table 7.5 indicated the variable with the lowest standard error as 
being ‘VehOcc’ for the category ‘2 people (driver and 1 passenger)’ with a standard 
error of 0.1522. This indicated that the category had less variability between sample 
means and therefore that the sample accurately represented the population. In 
contrast, the interaction variable ‘FlowWidth’ for the category ‘one-way and wide’ 
had the highest value of standard error (1.4276) among the variables in the study, 
thereby indicating greater variability between the means of different samples and 
less similarity to or representation of the population than other variables. The t-stat 
(or t-statistic) is a test statistic that has a known probability distribution (the t-
distribution) and is utilised to test whether a regression coefficient b is significantly 
different from zero (Field, 2009). The results in Table 7.5 indicated the highest t-stat 
values for the variables ‘NumVisit’ and ‘ParkTime’, with the ‘NumVisit’ category ‘≥2 
parking places visited’ having the highest t-stat value of +12.30. A large t-stat value 
for ‘NumVisit’ would have been expected since a high correlation existed between 
search time and the number of parking places previously visited on the same trip. 
The p-value, or (estimated) probability value, is the exact level of significance of a 
test statistic and is defined as the lowest significance level at which a null hypothesis 
can be rejected (Gujarati and Porter, 2009). The standard deviation of the residual 
indicates the difference, or deviation, of individual observations from the observable 
sample mean. The standard error for the standard deviation of the residual was 
identified as 0.0443, which could be considered as a low standard error value and 
therefore indicating a good model fit. 
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Table 7.5:  Multilevel regression model estimation (city level) results 
Dependent variable =  
Search Time 
Model C: Multilevel (ML) regression  
 (significant variables only) 
*Significant at a 90% confidence level 
**Significant at a 95% confidence level 
Fixed-effects 
Level 1: Respondent (driver) 
level variables 
Coefficient t-stat Std. Err. P-value 
Walk Time +0.1067 +1.72* 0.6200 0.085 
Vehicle Occupancy 
1 (driver only) (reference case) - - - - 
2 -0.4078 -2.68** 0.1522 0.007 
3 -0.5222 -1.90* 0.2750 0.058 
Trip Time 
≤10 minutes (reference case) - - - - 
41-50 minutes +1.0680 +3.08** 0.3470 0.002 
>60 minutes +1.5797 +3.82** 0.4133 0.000 
Number of Parking Places Visited (on this trip) 
0 (reference case) - - - - 
1 +0.9992 +6.30** 0.1585 0.000 
≥2 +2.9976 +12.30** 0.2436 0.000 
Park Time 
07:00-07:59  (reference case) - - - - 
09:00-09:59 +1.9765 +6.03** 0.3277 0.000 
10:00-10:59 +2.2548 +6.36** 0.3547 0.000 
11:00-11:59 +2.3752 +6.58** 0.3611 0.000 
12:00-12:59 +2.8289 +7.54** 0.3752 0.000 
13:00-13:59 +2.7677 +6.86** 0.4036 0.000 
14:00-14:59 +2.4711 +5.08** 0.4863 0.000 
15:00-15:59 +2.6683 +4.50** 0.5932 0.000 
16:00-16:59 +3.3071 +6.80** 0.4867 0.000 
17:00-17:59 +3.0181 +6.24** 0.4837 0.000 
18:00-19:00 +2.4479 +4.22** 0.5797 0.000 
Weather 
Warm/sunny (reference case) - - - - 
Cool/sunny -1.1925 -3.89** 0.3063 0.000 
Vehicle Type 
Small hatchback (reference case) - - - - 
Light Goods Vehicle (LGV) +1.0097 +3.08** 0.3275 0.002 
Intercept (Constant) -1.3939 -2.01** 0.6951 0.045 
Level 2: Area (street) level variables 
Area Type 
Core; shopping (reference case) - - - - 
Shopping (not core) +0.6425 +2.14** 0.2996 0.032 
Peripheral; industrial (used by 
commuters) 
+1.2681 +3.26** 0.3893 0.001 
Peripheral; university, hospital, 
train station 
+1.6251 +5.50** 0.2954 0.000 
Residential (used by commuters) +1.5644 +4.86** 0.3219 0.000 
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Parking Charge 
No fee (reference case) - - - - 
<£1.00-£1.99 +0.7825 +2.52** 0.3108 0.012 
£2.00-£2.99 +0.7533 +2.36** 0.3186 0.018 
≥£3.00 +1.4496 +4.46** 0.3251 0.000 
Interaction variable of Direction of Traffic Flow and Road Width 
One-way and Narrow (reference 
case) 
- - - - 
Two-way and Narrow -0.4316 -1.94* 0.2222 0.052 
Two-way and Medium -0.4078 -2.19** 0.1866 0.029 
One-way and Wide -3.8455 -2.69** 1.4276 0.007 
Two-way and Wide -0.8821 -1.96** 0.4499 0.050 
Random-effects 
Std. dev. of Intercept +0.9814 +2.3160 0.4237 - 
Std. dev. of Walk Time  +0.1162 +2.1957 0.0529 - 
Std. dev. of Residual +1.9244 +43.398 0.0443 - 
Statistics 
Pseudo R
2
 value +0.0877 - - - 
Log-likelihood (restricted) at 
convergence 
-2088.1452 - - - 
Number of observations 1002 - - - 
Number of groups 4 - - - 
Intra-class correlation 
coefficient  (ICC): rho1 
0.20867 - - - 
 
Significant variables have been analysed in Level 1 (individual driver level) and 
Level 2 (area or street level) categories in the order in which they featured in the 
table above, commencing with the Level 2 variables. 
    7.6.1      ‘AreaType’ 
Compared to the reference case, ‘core - shopping’, the variable ‘AreaType’ indicated 
significance in a positive direction in several of the categories, with the highest 
coefficient value being for ‘peripheral - university, hospital, train station’ which 
displayed a value of +1.6251, followed by ‘residential (used by commuters)’ with a 
value of +1.5644. This was followed by the category ‘peripheral – industrial (used by 
commuters)’ with a coefficient of +1.2681. These findings indicated that more 
parking search time occurred for these categories compared to that for ‘core – 
shopping’. This may have been due to the provision of greater levels of parking 
supply in core shopping areas which was able to fulfil demand and thereby 
necessitated the need for less parking search, compared to peripheral areas where 
the parking supply was more limited, faced high demand and hence, created higher 
levels of parking search. Higher demand for parking in peripheral areas might have 
   
 
187 
 
arisen due to drivers having had the opportunity to park without a requirement to pay 
a parking charge. This would have likely led to higher occupancy and lower turnover 
of parking spaces in such areas and hence, increased the length of search time 
undertaken by individual drivers. Two ‘AreaType’ categories (‘tourist’ and ‘events’) 
did not indicate significant coefficient values.  
    7.6.2      ‘ParkCharge’ 
Positive and significant coefficient values were indicated for three categories of 
parking charge when compared to the reference case (‘no fee’). The highest 
coefficient value was for the ‘≥£3.00’ category which had a value of +1.4496, 
compared to +0.7825 significance for the <£1.00-£1.99 fee and +0.7533 for the 
£2.00-£2.99 charge. It would have been expected that as price tariffs for on-street 
parking increased, parking search time would correspondingly increase as drivers 
searched for lower cost or free of charge parking spaces. This was supported by the 
finding of the highest priced category that indicated significance for the ‘ParkCharge’ 
variable having given rise to the most search time. 
    7.6.3      ‘FlowWidth’ 
The ‘FlowWidth’ interaction variable indicated significant coefficient values in a 
negative direction for four categories when compared to the reference case, one-
way traffic flow and narrow road width. These findings highlighted that in the 
categories ‘two-way and narrow’, ‘two-way and medium’, ‘one-way and wide’, and 
‘two-way and wide’ less search took place than when traffic flowed one-way on a 
narrow road (the reference case). There are various potential interpretations of this 
finding. It could be explained by drivers who travelled on roads with two-way traffic 
flow having searched mostly on the with-traffic flow side, to avoid the necessity of 
travelling across an opposing traffic lane and the dangers associated with such a 
manoeuvre. This would have reduced the number of spaces potentially available to 
a driver by approximately half and could have created the impression that few 
parking spaces were available, hence reducing the likelihood of a driver 
commencing to search on a two-way road. Furthermore, traffic speeds may have 
been set at higher limits on two-way roads or it may have appeared that traffic was 
travelling faster due to the increased traffic volume, meaning that drivers may have 
been less likely to search for parking due to the perceived hazards of their needing 
to travel at a slower speed in order to locate a space and perform a subsequent 
parking manoeuvre amongst vehicles which would have been travelling at greater 
speeds. Thus more parking search may have occurred on one-way narrow roads, 
   
 
188 
 
such as occurred in the reference case, due to a perception of more parking spaces 
being available and slower traffic speeds creating a perceived safer environment in 
which to undertake parking.  
    7.6.4      ‘WalkTime’ 
‘Walk Time’ was found to have a random effect on parking search time, with 
significance being indicated in both the mean value of the coefficient and the  
standard deviation of the coefficient values that was based upon variation between 
the individual survey respondents. It was assumed that the coefficients were 
normally distributed and that the mean of ‘WalkTime’ was in the middle of the 
distribution (Figure 7.1). The coefficient value +0.1067 was found to be very close to 
zero with the standard deviation of 0.1162, indicating that some coefficients may 
have been negative. In order to calculate the shaded portion in Figure 7.1 a t-
statistic was used for the standardised normal distribution: 
  
𝑡 =
?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 − 0
𝜇𝛽𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒
=
  0.1067 − 0
0.1162
= 0.918 
 
Having referred to statistical tables on the areas under the standardised normal 
distribution (Pearson and Hartley, 1966), the figure 0.3212 was obtained. This 
indicated that 82.12% (i.e. 50% + 32.12%) of the coefficient values showed a 
positive sign. The remaining coefficient values fell in the negative side of the 
distribution, suggesting that walk time was negatively associated with parking 
search time for 17.88% of the respondents.  
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Figure 7.1: Distribution of ‘WalkTime’ indicating positive and negative  
coefficient values 
 
 
The positive effect is interpreted that for 82% of respondents, as walking time 
increased, search time also increased. This finding might have been unexpected, 
since parking spaces that comprised a greater walking time would have been 
considered as less desirable and, hence, fewer drivers would have been searching 
for them; in contrast to a shorter walking time where more individuals would have 
needed to have searched for spaces due to increased competition. However, this 
finding could be explained by supply perhaps not having been able to meet demand 
in areas with a shorter walking distance and thereby dispersing drivers out to more 
peripheral areas where demand was high both among drivers who had been pushed 
to outer areas and among those individuals who were searching for longer-duration 
lower cost or free-of-charge parking of the type not available in core city areas.  
In contrast, the negative effect has an interpretation whereby, for 18% of drivers in 
the survey, as walking time from a parking place to a destination increased, search 
time decreased. This finding would have been more likely to have been expected, 
since a longer walk time is typically less desired by individuals searching for parking; 
hence, lower demand for parking spaces in areas with longer walk times would have 
reduced the time spent by drivers in searching for parking. 
Elasticity is a measure of how one variable responds to a change in another variable 
and can be used to predict the effect of how changing one variable may affect 
another. The elasticity of search time with respect to walk time can be expressed as 
follows:  
17.88% 
negative coefficients 
32.12% + 50% = 82.12% positive coefficients 
0 0.1067 
50% 0.3212 (32.12%) 
b1 
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𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 (𝜂𝑦) = ?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 ∗
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑙𝑘 𝑡𝑖𝑚𝑒
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑎𝑟𝑐ℎ 𝑡𝑖𝑚𝑒
= 0.1067 ∗
4.391
1.7
= 0.28 
 
Therefore, if walking time is increased by 1%, ‘SearchTime’ would increase by 
0.28%. 
    7.6.5      ‘VehOcc’ 
Analysis of vehicle occupancy indicated negative and significant coefficient values 
for two categories; ‘2 people’ or ‘3 people’ travelling in a vehicle. Thus, compared to 
the reference case of ‘driver only’ travelling in a vehicle, less parking search took 
place when two individuals (including a driver) or three individuals (a driver plus two 
passengers) were in a vehicle. A higher significance value (-0.5222) was found 
when three people (including a driver) were together in a vehicle, compared to a 
value of -0.4078 for two people travelling together in a vehicle. This finding would 
have been expected since a single-occupancy driver would have been more likely to 
search for parking as no consideration had to be given to time-considerations or 
mobility requirements of passengers in terms of time spent searching or distance of 
a parking space from a destination. The greater the number of passengers the more 
consideration would have had to be given to the multiple demands and requests of 
passengers, hence making search less likely with increasing numbers of 
passengers. 
    7.6.6      ‘TripTime’  
This variable showed a positive and significant coefficient across two categories, 
with the highest coefficient values recorded for ‘TripTime >60 minutes’. Examining 
the coefficients across two significant time-bands, the results indicated that as 
‘TripTime’ increased, compared to the reference case of ‘TripTime ≤10 minutes’, 
more search time occurred. Coefficients increased from +1.0680 (41-50 minutes) to 
+1.5797 (>60 minutes). This result would have been expected as a short journey 
from origin to destination would have been unlikely to incur a long search time, due 
to the percentage of total trip time that the search element would have contributed. 
In contrast, greater search as part of a longer trip time would have comprised a 
smaller element of the overall journey and would therefore have been more likely to 
have occurred, as supported by the findings. 
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    7.6.7      ‘NumVisit’ 
The number of parking places visited on a particular journey prior to parking at a 
chosen space from where the survey was being conducted indicated significant and 
positive values for two categories when compared to a reference case of ‘0 parking 
places’ having been visited prior to parking in a chosen parking place. The 
coefficient values increased from +0.9992 for drivers who had visited one previous 
parking place, through to +2.9976 for a driver who had searched in two or more 
parking places. This finding would have been expected as the higher the total 
number of parking places visited, the longer the search time would have become. 
    7.6.8      ‘ParkTime’  
‘ParkTime’ revealed positive and significant values for all categories of the variable 
with the exception of ‘08:00-08:59’. Coefficient values ranged from +1.9765 for the 
‘09:00-09:59’ time band to a highest coefficient of +3.3071 for ‘16:00-16:59’. The 
category ‘17:00-17:59 had a high value of +3.0181, as did ‘12:00-12:59’ (+2.8289), 
and ‘13:00-13:59’ (+2.7677). These findings indicated that greater search time took 
place around late morning through to early afternoon, and again during late 
afternoon through to early evening. This could be explained by higher parking 
demand at these times since most available spaces would have been occupied by 
early commuters and shoppers; thus when further individuals wanting to shop or 
those with other trip purposes arrived, there would have been fewer vacant spaces 
which resulted in increased search. Higher levels of parking search during early 
evening periods may have been associated with reduced parking charges in some 
areas of each city at these times, leading to more drivers trying to park in cheaper 
spaces. Furthermore, social and entertainment purposes may have led to an 
increased demand for parking around key event venues during early evenings. 
    7.6.9      ‘Weather’  
Compared to the reference case ‘warm/sunny’, the weather condition ‘cool/sunny’ 
indicated a negative and significant coefficient value of -1.1925, which suggested 
less search time was undertaken than when it was warm and sunny. This may have 
been a result of less parking demand when the weather appeared cool than when it 
appeared warm, as individuals may have perceived the weather to be less pleasant 
for travelling into the cities such as for shopping, for instance. 
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    7.6.10      ‘VehType’ 
Vehicle type indicated significance in a positive direction for ‘light-goods vehicle’ 
(LGV), with a coefficient value of +1.0097 compared to the reference case ‘small 
hatchback’. This could be expected since the drivers of LGVs are often trades-
people who typically transport goods and equipment; thereby resulting in a 
requirement to park close to a destination both for security reasons (high-value 
goods) and practical considerations (working at a particular property or business). 
Hence a longer search time may have been undertaken in order to park at a 
destination point. 
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7.7 Single-Level Linear and Multilevel Regression Models 
The same data were then applied within a single-level (pooled data) linear 
regression model and in a multilevel (street level) linear regression model, whereby 
98 streets within which the survey had been conducted were included at Level 2 and 
individual drivers were situated at Level 1; this model was termed Model M. The 
variable ‘income’ was found not to be significant in neither the single-level nor the 
multilevel street level model hence each model that was developed excluded 
income and was therefore inclusive of the complete dataset of 1,002 drivers. The 
multilevel linear (street level) regression model was run utilising the following 
variables: Search Time; Walk Time; Trip Purpose; Park Time; Number of Parking 
Places Visited; Weather; Trip Time; Vehicle Type; Parking Charge; Area Type; City 
Name; Parking Habit and Street Name. A single-level linear regression model, 
named Model S, comprising pooled data gathered from observations across the 
individual four cities, was also estimated in order to observe whether the results in 
Model M were different from those of Model S. The single-level linear (street level) 
regression model was run utilising the following variables: Search Time; Walk Time; 
Trip Purpose; Parking Habit; Vehicle Occupancy; Trip Time; Number of Parking 
Places Visited; Parking Charge; Park Time; Weather; Vehicle Type; Area Type and 
City Name. 
The results from the models are presented in Table 7.6. The findings indicated the 
R2 value for the linear regression model (Model S) was 0.4664. While a value of +1 
would have indicated a perfect fit between the dependent and independent 
variables, the value of 0.4664 indicated that the model could be considered as being 
a good fit. The adjusted R2 value in Model S indicated a slightly lower value (0.4354) 
than was displayed for R2, which would have been expected given that adjusted R2 
values are less than or equal to R2 values. The strength of association between the 
dependent and independent variables indicated by the pseudo R2 (McFadden’s R2) 
value was identified as +0.0728 for the multilevel model (Model M). While pseudo R2 
values of between 0.2 and 0.4 would have been considered as representing a very 
good model fit (Hensher and Johnson, 1981), the value here of +0.0728 could be 
considered as representing a good model fit. The intra-class correlation coefficient 
(ICC) can be utilised as a measure of dependency between observations, to gauge 
whether a contextual variable (for instance, street) has an effect on the outcome, or 
dependent variable (parking search time). For instance, if a street had a large effect 
on the drivers parking in it then the variability among drivers within the street will be 
small; as such, variability in the outcome within streets is minimised, and variability 
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in the outcome between streets is maximised; therefore the ICC is large. 
Conversely, if the street had little effect on the drivers parking in it then the outcome 
will vary considerably within streets, which will make differences between streets 
relatively small; therefore, the ICC will also be small. According to Model M the ICC, 
or variance partitioning coefficient (VPC), for the multilevel model was found to be 
0.175 suggesting that 17.5% of the variation in parking search time could be 
attributed to street-wide differences in issues related to parking search.  
Looking at the standard error values as an indication of ‘goodness of fit’ of the model 
with the data in terms of the standard deviation of the Y values about the estimated 
regression line, the results in Table 7.6 indicated the variable with the lowest 
standard error as being ‘WalkTime’ for both models, with a standard error of 0.0198 
(Model S) and 0.0328 (Model M). This indicated that the variable showed less 
variability between sample means and therefore that the sample accurately 
represented the population. In contrast, the variable ‘ParkTime’ for the category 
‘15:00-15:59’ had the highest value of standard error among the variables in Model 
S (0.5904) and in Model M (0.6127). However, the standard error values for Model S 
and Model M were lower than the highest standard error value for the multilevel (city 
level) model (Model C); with standard error value of 1.4276 for the ‘FlowWidth’ 
variable category ‘one-way and wide’; indicating that these values showed a higher 
model fit for these samples and a more accurate representation of the population. 
The results in Table 7.6 indicated the highest t-stat for both Model S and Model M 
for the variable ‘NumVisit’, with t-stat values of +12.29 and + 9.76 respectively. A 
large t-stat value for ‘NumVisit’ would have been expected since a high correlation 
existed between search time and the number of parking places previously visited on 
the same trip. 
Looking at the results in Table 7.6, it is noticeable that differences exist between the 
statistically significant factors occurring in Model M and those found in Model S. 
These are illustrated by observing that the variables ‘Purpose’, and ‘VehOcc’ have 
identified as significant in either Model M or in Model S, but not in both models. In 
Model M each of the driver-level variables was tested as a random-parameter 
variable in addition to being tested as a fixed-parameter variable. A fixed-parameter 
variable assumes that the coefficients (bs) in each of the contexts (or groups) are 
fixed and are estimated from the data utilising the same (fixed) values of the 
gradient and intercept. In contrast, a random-parameter variable is one in which the 
slope (or gradient) and the intercept (or constant) have a value which is not fixed but 
is allowed to vary around the overall model; the variable thereby having different 
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values in different contexts (random-intercept and random-slope). Only the variable 
‘WalkTime’ was found to have a random-effect; exhibiting a high t-stat value 
(+6.0274) and low standard error (0.0298). The standard deviation of the residual 
indicates deviation of individual observations from the observable sample mean. 
The standard error for the standard deviation of the residual was a value of 0.0434, 
which could be considered as a low standard error, thereby indicating a good model 
fit. 
Table 7.6: Single-level linear (pooled data) and multilevel regression model estimation 
(street level) results 
Dependent 
variable = 
Search Time 
Model S: Single-level linear 
regression (pooled data) 
(significant variables only) 
*Significant at 90% confidence level 
**Significant at 95% confidence level 
Model M: Multilevel (ML) regression  
(significant variables only) 
*Significant at 90% confidence level 
**Significant at 95% confidence level 
Fixed-effects 
Level 1: 
Respondent 
(driver) level 
variables 
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Walk Time +0.1088 +5.49** 0.0198 0.000 +0.1163 +3.55** 0.0328 0.000 
Trip Purpose 
Work (reference 
case) 
- - - - - - - - 
Shopping - - - - -0.5183 -2.21** 0.2346 0.027 
Habit 
I always park 
here (reference 
case) 
- - - - - - - - 
I rarely park 
here 
+0.5505 +1.91* 0.2882 0.056 +0.6705 +2.47** 0.2719 0.014 
This is my first 
visit 
+1.1773 +2.25** 0.5227 0.025 +1.2198 +2.50** 0.4887 0.013 
Vehicle Occupancy 
1 (driver only) 
(reference case) 
- - - - - - - - 
2 -0.3936 -2.56** 0.1540 0.011 - - - - 
3 -0.5528 -1.99** 0.2778 0.047 - - - - 
Trip Time 
≤10 minutes  
(reference case) 
- - - - - - - - 
41-50 minutes +0.8930 +2.54** 0.3520 0.011 +0.7946 +2.41** 0.3294 0.016 
>60 minutes +1.5269 +3.57** 0.4276 0.000 +1.3093 +3.25** 0.4027 0.001 
Number of Parking Places Visited (on this trip) 
0 (reference 
case) 
- - - - - - - - 
1 +1.0570 +6.54** 0.1617 0.000 +0.8721 +5.68** 0.1536 0.000 
≥2 +3.0275 +12.29** 0.2464 0.000 +2.3141 +9.76** 0.2372 0.000 
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Park Time 
07:00-07:59  
(reference case) 
- - - - - - - - 
08:00-08:59 - - - - +0.5730 +1.90* 0.3014 0.057 
09:00-09:59 +1.9867 +6.09** 0.3264 0.000 +1.9708 +5.52** 0.3568 0.000 
10:00-10:59 +2.2207 +6.28** 0.3534 0.000 +2.3234 +6.01** 0.3866 0.000 
11:00-11:59 +2.3796 +6.74** 0.3533 0.000 +2.4934 +6.38** 0.3905 0.000 
12:00-12:59 +2.7671 +7.56** 0.3659 0.000 +2.8431 +7.00** 0.4060 0.000 
13:00-13:59 +2.5881 +6.48** 0.3991 0.000 +2.5887 +5.98** 0.4326 0.000 
14:00-14:59 +2.2062 +4.47** 0.4930 0.000 +2.2303 +4.25** 0.5253 0.000 
15:00-15:59 +2.5566 +4.33** 0.5904 0.000 +2.4844 +4.05** 0.6127 0.000 
16:00-16:59 +3.0320 +6.20** 0.4892 0.000 +2.9359 +5.72** 0.5132 0.000 
17:00-17:59 +2.6721 +5.59** 0.4783 0.000 +2.9757 +5.83** 0.5100 0.000 
18:00-19:00 +2.0761 +3.67** 0.5657 0.000 +2.4399 +4.08** 0.5985 0.000 
Weather 
Warm/sunny  
(reference case) 
- - - - - - - - 
Cool/sunny -1.1438 -3.80** 0.3009 0.000 -1.0896 -3.27** 0.3337 0.001 
Vehicle Type 
Small hatchback 
(reference case) 
- - - - - - - - 
Executive 
Saloon 
-0.3754 -1.83* 0.2049 0.067 - - - - 
Light Goods 
Vehicle (LGV) 
+0.7766 +2.35** 0.3303 0.019 +0.8772 +2.83** 0.3103 0.005 
Intercept 
(Constant) 
-1.3096 -2.93** 0.4474 +0.004 -1.3149 -2.33** 0.5641 0.020 
Level 2: Area (street) level variables 
City Name 
Lincoln  
(reference case) 
- - - - - - - - 
Nottingham -1.3387 -3.58** 0.3736 0.000 -1.3537 -2.63** 0.5153 0.009 
Leicester +0.7916 +2.94** 0.2693 0.003 - - - - 
Derby -0.5765 -1.71* 0.3375 0.088 - - - - 
Area Type 
Core; shopping  
(reference case) 
- - - - - - - - 
Shopping (not 
core) 
+0.5227 +1.76* 0.2961 0.078 - - - - 
Peripheral; 
industrial (used 
by commuters) 
+0.8218 +2.30** 0.3566 0.021 - - - - 
Peripheral; 
university, 
hospital, train 
station 
+1.3597 +5.06** 0.2686 0.000 +0.9131 +2.14** 0.4269 0.032 
Residential 
(used by 
commuters) 
+1.1576 +3.74** 0.3094 0.000 +1.3037 +2.97** 0.4392 0.003 
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Parking Charge 
No fee 
(reference case) 
- - - - - - - - 
<£1.00-£1.99 - - - - +0.6832 +1.98** 0.3449 0.048 
£2.00-£2.99 - - - - +0.6013 +1.72* 0.3501 0.086 
≥£3.00 +1.3959 +4.32** 0.3231 0.000 +0.9471 +2.56** 0.3706 0.011 
Random-effects 
Std. dev. of 
Intercept 
- - - - +0.7866 +6.1312 0.1283 - 
Std. dev. of 
Walk Time  
- - - - +0.1799 +6.0274 0.0298 - 
Std. dev. of 
Residual 
- - - - +1.7493 +40.343 0.0434 - 
Statistics 
R
2
 (linear) or  
Pseudo R
2
 
(multilevel) 
value 
0.4664 - - - +0.0728 - - - 
Adjusted R
2
 
value 
0.4354 - - - - - - - 
Log-likelihood 
(restricted) at 
convergence 
- - - - -2054.4 - - - 
No. 
observations 
1002 - - - 1002 - - - 
No. groups - - - - 98 - - - 
Intra-class 
correlation 
coefficient  
(ICC): rho1 
- - - - 0.17544 - - - 
 
A single-level (street level) linear regression model has been compared with a 
multilevel (street level) regression model, both of which utilised a full dataset of 
1,002 driver respondents. Twelve variables were found to have significantly 
influenced parking search time however differences were noted in the level of 
significance of specific variables between the two models. The significant variables 
have been discussed in the next section within the Level 1 and Level 2 categories in 
which they featured in Table 7.6, commencing with the Level 2 variables. 
    7.7.1     ‘CityName’ 
This variable did not display consistent results across models or between cities. 
When compared to the reference case ‘Lincoln’ a significant and negative coefficient 
value was indicated for ‘Nottingham’ in both linear and multilevel models, with a 
slightly higher value for the multilevel than for the linear model (-1.3537 and -1.3387 
coefficient values). This finding contrasted with the results for ‘Leicester’ which 
obtained a positive significance in the linear model only (+0.7916). In comparison, 
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‘Derby’ was found to also be significant in the linear model but in a negative 
direction, with a coefficient of -0.5765. 
    7.7.2     ‘AreaType’ 
The variable ‘AreaType’ indicated significance in a positive direction for the 
categories ‘shopping (not core)’ and ‘peripheral - industrial (used by commuters)’ in 
only the linear model. Whereas, ‘peripheral - university, hospital, train station’ and 
‘residential (used by commuters)’ indicated positive significance across both the 
linear and multilevel models. The highest coefficient value for ‘peripheral - university, 
hospital, train station’ was in the linear model (+1.3597); whereas for ‘residential 
(used by commuters)’ the highest value was in the multilevel model, with a positive 
coefficient of +1.3037. The finding that, compared to the reference case ‘core - 
shopping’, other area types incurred more search could be considered as 
unexpected given that centrally-located shops would typically generate high parking 
demand. However, this result could be explained by core shopping areas being well 
supplied with parking and therefore having a large and sufficient capacity to cater for 
demand. Furthermore, core shopping parking periods tend to be dispersed across a 
few hours (typically three to four hours). For these reasons, high demand is able to 
be met by sufficient supply. Higher search times around ‘shopping (not core)’ could 
have been explained by a lack of parking capacity in non-core areas of a city. The 
finding of increased search time for ‘peripheral - university, hospital, train station’ 
area type is not unexpected given high daytime demand for university staff/student 
parking, train passengers’ day/evening parking, and day-/night-time parking 
requirements for hospital patients and employees, who may be unable to park on-
site and compete with patients for on-street parking. High demand for longer 
duration parking at low or no cost would likely have led to higher occupancy levels 
and lower turnover in such peripheral areas and hence, would explain the finding of 
increased search time for ‘residential (used by commuters)’ area type. Given much 
of the parking in city cores comprises higher tariffs and shorter-stay parking, 
commuters disperse to peripheral areas to find alternative parking that meets their 
needs; thus creating high demand, increased occupancy, lower turnover and 
extended search time in peripheral residential areas.  
    7.7.3     ‘ParkCharge’ 
Compared to the reference case (‘no parking charge’) the ‘<£1.00-£1.99’ and ‘£2.00-
£2.99’ categories indicated positive significance for the multilevel model, but only the 
‘≥£3.00’ category was significant in a positive direction in both multilevel and linear 
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models. The significance value for the ‘≥£3.00’ category was highest in the linear 
model (+1.3959) compared to +0.9471 in the multilevel model. It would have been 
expected that, when compared to the reference case of having no fee, the 
implementation of parking charges would have stimulated drivers to search for a 
space that was without charge or as low a cost as available in the locality.  
    7.7.4     ‘WalkTime’ 
In comparing the single level and multilevel models, positive significance was 
indicated across both models for ‘WalkTime’, with highest significance found in the 
multilevel model. Furthermore, in the multilevel model, ‘Walk Time’ was found to 
have a random effect on parking search time, with significance being indicated in 
both the mean value of the coefficient and the standard deviation of the coefficient 
values that was based upon variation between the individual survey respondents. It 
was assumed that the coefficients were normally distributed and that the mean of 
‘WalkTime’ was in the middle of the distribution (Figure 7.2). The coefficient value 
+0.1163 was found to be close to zero with the standard deviation of 0.1799, 
indicating that some coefficients may have been negative. In order to calculate the 
shaded portion in Figure 7.2 a t-statistic was used for the standardised normal 
distribution: 
𝑡 =  
?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 − 0
𝜇𝛽𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒
 =  
   0.1163 − 0
0.1799
 = 0.646 
 
Having referred to statistical tables on the areas under the standardised normal 
distribution (Pearson and Hartley, 1966), the figure 0.2422 was obtained. This 
indicated that 74.22% (i.e. 50% + 24.22%) of the coefficient values showed a 
positive sign. The remaining coefficient values fell in the negative side of the 
distribution, suggesting that walk time was negatively associated with parking 
search time for 25.78% of the respondents.  
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Figure 7.2: Distribution of ‘WalkTime’ indicating positive and negative  
coefficient values 
 
 
 
This finding is interpreted that for 74% of survey respondents, as ‘WalkTime’ 
increased, search time correspondingly increased. This finding would not have been 
expected, since it would have been thought that more parking search would occur 
around key destinations with shorter walking time due to higher demand for those 
parking spaces. In contrast, increased walk time suggests that drivers were 
choosing to park further from destinations where one would expect lesser demand 
and lower search time. A possible explanation for the higher search time in these 
areas could be as a result of high demand for longer duration parking, which is 
located further from key destinations and hence creates longer walk times and more 
search if provision of long-stay centrally-situated parking spaces is limited. An 
alternative explanation may have been that at peak parking periods, spaces located 
closer to key destinations that had shorter walk times were fully occupied, hence 
dispersing drivers out to more peripheral areas with associated longer walk times. 
In contrast, the negative effect would be interpreted as, for 26% of drivers surveyed, 
as walking time from a parking place to a destination increased, search time 
decreased. This finding would have been more expected, since a longer walk time is 
often viewed as being less desirable by individuals searching for parking; hence, 
lower demand for parking spaces in areas further from destinations and having 
associated longer walk times would have reduced the time spent by drivers in 
searching for parking. 
b1 
0 0.1163 
50% 0.2422 (74.22%) 
25.78% 
negative coefficients 
24.22% + 50% = 74.22% positive coefficients 
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Elasticity is a measure utilised to calculate how one variable responds to a change 
in another variable and can be used to predict the effect of how changing one 
variable may affect another. The elasticity of search time with respect to walk time 
can be expressed as follows: 
𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 (𝜂𝑦) = ?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 ∗
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑙𝑘 𝑡𝑖𝑚𝑒
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑎𝑟𝑐ℎ 𝑡𝑖𝑚𝑒
= 0.1163 ∗
4.391
1.7
= 0.30 
 
Therefore, if walking time is increased by 1%, ‘SearchTime’ would increase by 
0.30%.  
    7.7.5     ‘TripTime’  
This variable showed a positive significant coefficient across both models with the 
highest coefficient values recorded for ‘TripTime >60 minutes’. Examining the 
coefficients across the various time-bands, the results indicated that as ‘TripTime’ 
increased, more search time occurred. This would have been expected as it would 
be less likely for a driver travelling just a short distance to spend a long time 
searching for parking, given the high percentage of total trip time that search would 
have comprised in such a circumstance. Contrastingly, search time would consist of 
a far smaller percentage of whole trip time if the distance from origin to parking was 
greater.  
    7.7.6     ‘ParkTime’  
‘ParkTime’ revealed consistent positive and significant values for all categories for 
the multilevel model and for all categories with the exception of ‘08:00-08:59’ for the 
linear model. These results indicated occurrence of higher levels of search time 
generated by later parking arrival times compared to the reference case ‘07:00-
07:59’, as shown in Figure 7.3. The results indicated, therefore, that for drivers who 
arrived at a parking place during the time period ‘12:00-12:59’, for instance, 
undertook 2.84 additional minutes of search time than would have occurred during 
the period ‘07:00-07:59’ (the reference case). While for drivers who wanted to park 
between ‘11:00-11:59’, an additional 2.49 minutes of search time would have taken 
place, as compared to the earlier reference case. Hence, as was supported by the 
results of the models, it would have been expected that the period ‘07:00-07:59’ 
would have experienced lower search time. This is due to the early time period 
experiencing less parking demand, since this time is prior to peak periods when 
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commuters and other individuals who travel into cities for purposes such as 
shopping, for example, would typically have arrived at a destination to park. 
Figure 7.3: Analysis of Park Time indicating increased search time 
(Compared to the reference case 07:00-07:59) 
 
 
 
 
For all categories except ‘09:00-09:59’, ‘15:00-15:59’ and ‘16:00-16:59’ the results 
showed higher coefficient values for the multilevel model than for the single-level 
linear model. Findings indicated the highest coefficient values occurred between 
‘16:00-16:59’ for the linear model and between ‘17:00-17:59’ for the multilevel 
model. The ‘12:00-12:59’ period also displayed high coefficient values across both 
models. High lunchtime search time would have been expected due to high demand 
for short-duration spaces from individuals wanting to shop or meet friends, for 
instance. The high search times during late afternoon and early evening may have 
arisen due to the cross-over between drivers who had parked all day and had not 
yet returned to their cars (such as commuters who worked full-time) and those who 
had travelled out for part of a day for other trip purposes such as 
social/entertainment, personal business, or shopping but were unable to park due to 
commuter-owned vehicles occupying many of the parking spaces. The early 
evening periods were also times when parking charges became cheaper in some of 
the cities; hence stimulating more parking demand and increasing search at these 
times. 
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    7.7.7     ‘Purpose’ 
The variable ‘Purpose’ indicated a significant and negative coefficient value for one 
category (‘shopping’) and only in the multilevel model when compared to the 
reference case ‘work’. This result indicated that less parking search took place for 
‘shopping’ ‘than occurred for ‘work’. This finding might have appeared unexpected in 
that commuters parking for work typically arrived at parking places early in the 
morning before other users and hence would have been expected to have had a 
wider choice of available spaces and thereby to have undertaken less searching. 
However, it may have been that parking places used by commuters which had 
longer duration are more limited in supply than core central areas that are utilised by 
drivers with trip purposes such as shopping and personal business. This would have 
resulted in increasing search in peripheral areas of parking used for work purposes 
and correspondingly lower patterns of searching among parking places utilised by 
drivers with other trip purposes. 
    7.7.8     ‘NumVisit’ 
The number of parking places visited on this journey prior to parking at a chosen 
space indicated significant and positive values across both models, with search 
times increasing considerably in line with a greater number of parking places visited. 
This finding would have been expected, since visiting additional parking places 
would have added to the total search time undertaken by drivers and taken more 
time than for those individuals who found themselves able to park in their first choice 
of parking space. 
    7.7.9     ‘VehOcc’ 
Vehicle occupancy indicated significance only for the linear regression model, for 
which negative coefficient values were identified. Thus, compared to the reference 
case of ‘driver only’ in the vehicle, less search took place when two individuals 
(including the driver) were in the vehicle (-0.3936); and higher negative significance 
(-0.5528) was found when three people (including the driver) were in the vehicle. 
The finding of more parking search having occurred among drivers travelling in solo-
occupancy vehicles than in drivers travelling in vehicles carrying passengers would 
have been expected, since the opinions, needs and mobility requirements of 
passengers would not have to be taken into account; thereby enabling the driver to 
search for a longer time if necessary and willing to do so. 
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    7.7.10     ‘Habit’ 
Both the single-level linear and the multilevel regression models indicated 
significance for ‘Habit’ in a positive direction. Significance was indicated both for ‘I 
rarely park here’ and for ‘this is my first visit’ in each model. The highest coefficient 
value was for the category ‘this is my first visit’. Therefore, compared with the 
reference case ‘I always park here’, a greater search time was incurred for ‘I rarely 
park here’ and ‘this is my first visit’. Since a driver who always parked in the same 
place would be familiar with the area and know the best time to arrive in order to find 
a vacant space, this finding would have been expected.  
    7.7.11     ‘VehType’ 
Vehicle type indicated significance for the linear regression model for the categories 
‘executive saloon’ and ‘light-goods vehicle’ (LGV). However, significance for 
‘executive saloon’ was in a negative direction (-0.3754) compared to ‘LGV’ 
displaying a positive coefficient value (+0.7766). The multilevel model displayed 
significance in a positive direction for ‘light goods vehicle’ and a slightly higher 
coefficient at +0.8772 than in the linear model, but no significance was indicated for 
the category ‘executive saloon’. The finding that ‘LGV’ drivers searched more 
compared to the reference case ‘small hatchback’ may have arisen due to LGVs 
typically being driven by trades-people, with vehicles containing valuable tools and 
equipment which would have influenced a driver’s need to have parked close to a 
destination for greater security. This requirement may have led to increased search 
times in areas of high parking demand. Furthermore, trades-people typically work at 
specific addresses for each particular job; this requirement would have created a 
need to search for a parking space close to an address which, at peak parking 
times, could have been difficult to find and entailed additional searching. The 
observation that drivers of ‘executive saloon’ vehicles underwent less search time 
than did drivers of ‘small hatchback’ vehicles may have been associated with an 
increased willingness-to-pay for parking. Since ‘executive saloon’ vehicles would 
have been more expensive to purchase than smaller vehicles, this could have 
suggested the presence of a higher driver income and a reduction in the need or 
desire to have searched for a free-of-charge parking space.  
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    7.7.12     ‘Weather’  
Compared to the reference case ‘warm/sunny’, the weather condition ‘cool/sunny’ 
indicated a negative and significant coefficient for both models, which suggested 
less search time was undertaken than when it was warm and sunny. This finding 
could be explained by fewer individuals undertaking certain trip purposes such as 
shopping or travelling to events if the weather appeared cool, than if the conditions 
were warm and pleasant. If there were fewer drivers trying to find a parking space, 
the lower demand would reduce the search time needed by other drivers. 
7.8 Conclusion 
This chapter has detailed the findings of statistical models that have been applied to 
an analysis of the significant factors that influenced parking search time. Statistical 
modelling was performed on the data, commencing with development of single-level 
linear regression models for four individual cities in the study. This enabled 
comparisons across cities in terms of variables that displayed significant coefficient 
values. A single-level (pooled data) linear regression model was then performed 
across all four cities. This was compared with the results of a multilevel (street level) 
regression model in order to examine the effect of within-cluster similarities and 
between-cluster variations on drivers’ parking search time.  
Comparison of parking search time influencing factors revealed important 
differences in statistically significant variables and coefficient values between the 
single-level and multilevel regression modelling approaches. Significant factors 
included: arrival time at a parking place (for which every time period after the 07:00-
07:59 reference case indicated increased search time); trip time from origin to 
parking place; walking time from a parking place to a destination; parking tariff; and 
number of parking places previously visited on a particular trip. A further multilevel 
(city level) regression model was also performed, in order to examine the contextual 
effect on parking search time of drivers who had parked within the same city (and of 
drivers who had parked in different cities). Analysis of the multilevel models 
indicated large intra-class coefficient (ICC) values for both the street-level and city-
level multilevel models. These results highlighted that 17.5% of the variation in 
parking search time could be attributed to street-wide differences (and 20.9% to city-
wide differences) in issues related to parking search. These findings therefore 
suggest that the application of a multilevel modelling approach to the dataset in 
order to investigate the factors affecting parking search time was appropriate.  
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The next chapter details the findings from the third and final stage of the research, 
whereby further interviews were undertaken with local authority Council Officers to 
ascertain their perspectives of the on-street parking survey results and to discuss 
the potential implications for future parking policy. This stage of the research fulfils 
the final part of the aim (investigating the policy implications of parking search time) 
and also contributes towards fulfilling the fifth objective of recommending to local 
authorities future parking search policy, which is explored in Chapter 10. 
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8.1 Introduction 
The previous chapter reported an analysis of the results obtained from having 
conducted a statistical modelling analysis of the data collected from an on-street 
parking survey in four cities in the East Midlands. This chapter explores the survey 
findings from the perspective of local authority Council Officers, and forms the third 
and final stage of this research. The process of undertaking the first stage of 
interviews with Council Officers has been described in Chapter 4, with the findings 
reported in Chapter 5; and the method of conducting the on-street parking survey 
with drivers has been described in detail in Chapter 4, with the results reported at 
length in Chapters 6 and 7. The focus of this third stage of research was to ascertain 
the Officers’ opinions of the on-street parking survey results, in terms of the factors 
affecting parking search time within each city. Further discussion took place around 
how the Officers foresaw the results as potentially influencing future parking policy 
decision making among each local authority. The discussion with Council Officers in 
this chapter, in addition to a consideration of the findings of the modelling analysis of 
the on-street parking survey (reported in Chapter 7) and information obtained from 
having undertaken a review of the literature (covered in Chapters 2 and 3), would be 
used to develop the policy recommendations in Chapter 10. 
8.2 Search Time 
Consensus was expressed by the Council Officers that, upon having initially noted 
the average search time across the four cities as being 1.42 minutes, this was 
considered as being quite low; the expectation being that search time would have 
been slightly higher. Respondent 2 commented that, “we don’t measure parking 
search time;….[however], this seemed quite quick”, with a further comment of, “is 
that all”. This was due to the Officers having perceived search time as a process 
that had probably been undertaken by drivers who were unfamiliar with the area and 
the location of on-street parking within the cities. In addition, the Officers had 
thought that drivers might have begun searching upon initially entering a city, rather 
than applying the definition of search that had been used in the survey; that of 
commencing to search for a parking space only upon reaching a destination where 
parking was needed and was actively being sought. Having further considered the 
finding, a lower search time was thought to have been more likely than initially 
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perceived, since many drivers who travelled to the cities might have been familiar 
with the area and habitually parked in the same place; “had a favourite space in 
which to park” (Respondent 2). As such, prior to setting out on their journey, 
individuals had effectively evaluated the optimum time to arrive at specific locations 
to achieve increased likelihood of finding an available parking space. Upon further 
thought, Respondent 4 observed that “many on-street parking spaces were not as 
intensively utilised [in the city (Leicester)] as had occurred in the past”, prior to the 
economic recession in the UK, which would therefore have displayed alignment with 
the lower search times which drivers had stated in the survey. In the case of 
Leicester, additional on-street parking had been provided in several areas across 
the city. This had presented greater levels of parking supply to drivers, resulted in 
more demand being effectively fulfilled, and correspondingly, necessitated less 
search time to be undertaken by drivers.  
8.3 Main Influencing Factors 
When asked for their opinion of the factors that had been identified as having had a 
significant influence on drivers’ search time, the Council Officers agreed with several 
of the factors that they would have expected to have affected parking search time. 
These included: weather conditions, walking time to a destination, parking habits of 
drivers, time of arrival at a parking place and type of vehicle being driven. Regarding 
parking habit, for example, Respondent 4 commented that, “if drivers know where 
they normally park….search time will be less” and this expectation was supported in 
the survey findings. Similarly, the expectation that, “if drivers turn up early, they can 
find a parking space….whereas there is a peak [in demand] around lunch-time” 
(Respondent 4) was also corroborated in the survey results, with an earlier time of 
arrival having led to lower search times and a corresponding peak towards late 
morning and over a typical lunch period. Vehicle type had been expected to 
influence the amount of search time but, interestingly, for an additional reason 
beyond that of undertaking work or deliveries, as would, for example, often occur 
with light-goods vehicles. Over recent years, respondents had noted that the size of 
many vehicles had expanded; hence, some drivers’ vehicles were now potentially 
too large to fit in certain on-street parking spaces, which would have led the owners 
to continue to search for more amply proportioned spaces in which to fit larger 
vehicles. 
Factors that had not initially been considered by the Council Officers as having such 
importance in affecting parking search time included: trip time from point of origin to 
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a parking place, and the number of passengers in a vehicle (vehicle occupancy). 
Although, after having thought further about these findings, when trip time was 
considered in terms of the overall length of a journey and the percentage of which 
was comprised of search time, it could be understood how drivers who had travelled 
a further distance (and time) might have been more agreeable to undertaking a 
slightly longer search time than would have been an individual who had travelled for 
only a short comparative distance and time. Likewise, respondents were able to 
conceive how carrying additional passengers in a vehicle might have affected the 
length of time for which a driver was willing to search when having to consider other 
persons’ needs. When direction of significance of the factors was discussed, 
Officers expressed the opinion that the results had displayed unexpected results in 
some instances, in particular, the example of ‘Walk Time’. For this factor the 
respondents stated that they would have expected that as walking time to a 
destination increased, search time would have reduced; arising from fewer 
individuals wanting to have parked in a location that was further from a destination 
and required a longer walk time. The opposite result that was found; whereby longer 
search time occurred as walking time increased, was regarded as more surprising 
until a possible explanation that took into account trip purpose was considered. This 
explanation suggested that commuters typically parked at peripheral areas of each 
city in order to avoid higher parking charges and more restrictive time bands that 
were more concentrated in central areas; hence, this led to longer walk times. If 
demand for parking by commuters within these areas was particularly high, this 
would have resulted in more search time despite a correspondingly longer walk 
time. 
8.4 Potential Policy Implications  
The discussion proceeded by highlighting specific significant factors that potentially 
would be within the scope of local authorities’ control in terms of future policy 
decisions. It was decided to raise and discuss these particular factors with the 
Council Officers since choices made by local authority policy-makers around these 
individual factors might influence the parking decisions and behaviour of drivers 
regarding the length of time to search for an on-street parking space. 
    8.4.1      Parking time of arrival 
The first of the factors that was discussed with Council Officers concerned a driver’s 
time of arrival at a parking place. The implications around parking policy focused 
around implementing measures that would encourage (or, alternatively, discourage) 
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drivers to arrive at a slightly different time than they might have initially desired, in 
order to smooth the demand for parking spaces throughout the course of several 
hours during day and evening times. This would enable the available on-street 
parking supply to more efficiently fulfil the required demand from drivers and avoid 
peaks in demand when a greater number of vehicles entering certain areas of a city 
would be likely to lead to an increase in the occurrence of parking search. 
It was acknowledged that it could be challenging to attempt to ensure that all drivers 
were able to find an on-street parking space at the precise time and in the specific 
location in which a space was being sought. On some occasions, the situation would 
occur whereby a driver might not be able to park in the particular location that was 
initially desired. However, it was observed that, “it was rare to not be able to find a 
space on-street anywhere” (Respondent 4); although, it was acknowledged that a 
space might not be in a driver’s preferred location. Alternatively, there were “almost 
always likely to be spaces available in an off-street facility” (Respondent 1); hence, a 
driver would be able to park at all times within the city, even if the ultimately selected 
parking space was not a driver’s first choice. Measures that Councils had previously 
taken in order to stimulate on-street parking space utilisation across various time-
bands included: providing free of charge or lower tariffs during evening times 
(typically after 18:00) in core areas; offering varied parking tariffs in a city centre 
during day-times (usually between 07:30 and 18:00) with zones having different 
charges depending upon relation to the core area of a city; and the removal or 
amending of some parking restrictions, such as permitted parking duration or permit 
requirements in order to maximise the available supply of on-street parking.  
When considering future policy decisions based upon drivers’ various times of 
arrival at parking places, the Council Officers were aware of schemes (such as 
SFpark in San Francisco) whereby variable parking rates could be charged for 
drivers according to varied demand and fluctuations throughout each day. However, 
a concern was raised that if this led to price rises for drivers, this could act as a 
deterrent for individuals in travelling to a city in preference for an alternative 
destination (another city). Furthermore, there would be considerable challenges as 
regards the cost of installing the required sensors and equipment that would be 
needed for monitoring parking demand and the capability for frequently adjusting the 
tariffs. Respondent 3 noted that since a driver’s time of arrival at a parking place 
tended to be related to trip purpose, it was probable that the Council would in the 
future, “examine the need for creating spaces that were able to cater for various trip 
purposes” (such as commuters or shoppers, and so on) and this would in turn 
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encourage drivers to arrive at different times according to the purpose they had for 
travelling to the city.  
    8.4.2      Parking charges 
Parking charges have formed a large element of policy directed towards influencing 
drivers to park within different areas of each city and at various times. Leicester City 
Council has adjusted its tariffs to enable each payment at a parking meter to be 
made solely using one pound coins, for instance, £1.00, £2.00 and so on. Prices are 
set according to the locality of the on-street parking in relation to the city core; with 
higher charges occurring in more centrally-located areas. This change has been 
implemented to increase the ease of use of drivers paying a parking fee at an on-
street meter. Prices vary in different zones and the amendments to the parking 
tariffs resulted in several reductions in charges applied, compared to prices prior to 
implementing these changes. Respondent 4 commented how prior to parking 
charges having been introduced in Leicester, drivers were increasingly unable to 
find a vacant parking space, since a lack of parking fees led to a low turnover and 
search time had therefore lengthened. After charges had been implemented in 
Leicester around fifteen years’ ago, the charges were able to fund control and 
enforcement of parking restrictions and “individuals were once more able to find an 
on-street space, as turnover increased and [drivers and local businesses] were 
happier”.  
The Council Officers’ perception was that since the UK economy had started to 
recover, the potential existed for on-street parking spaces to more quickly become 
occupied; hence, future policy might need to re-consider the level of parking tariffs. 
However, a challenge was acknowledged by Respondent 3 in “achieving a balance 
between what drivers would like to have”, in terms of free parking around all key 
destinations within every urban area, and “the capabilities of each local Council 
regarding the provision of car parking (both on- and off-street) and the maintenance 
of parking facilities”. Offering a high quality parking provision in terms of signage and 
cleanliness of parking bays and payment meters was identified as being a 
considerable challenge to local authorities if no charges were made of drivers for 
utilising parking spaces. Respondent 2 discussed the provision of limited waiting on-
street spaces within specified areas of a city, in which drivers were able to park for a 
short-term period (for a specified duration) without the requirement of paying for 
parking. Although the limited waiting bays were popular with drivers, as would have 
been expected, the Council Officer commented that, “the scheme is not cost-
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effective, since enforcement has to be undertaken by Civil Enforcement Officers, 
who must frequently return to the bays in order to check that no driver has 
overstayed the limited time”. It would, therefore, be more probable that future 
policies concerning parking charges would be implemented utilising pay-and-display 
machines, in order to provide greater cost efficiencies for the local authority. 
    8.4.3      Area type 
The relevance of area type to parking policy decisions is in terms of the amount of 
supply that each local authority chooses to provide in each area, alongside various 
pricing tariffs and durations, in order to cater for drivers who are likely to be 
travelling according to different trip purposes and selecting to park in certain areas 
of a city for reasons of proximity to end destination, pricing and/or duration. 
Respondent 4 highlighted the potential to combine the usage of various urban areas 
in order to provide parking for individuals who had travelled for different trip 
purposes. For instance, by allowing parking spaces that had been utilised for a 
particular purpose during the day-time but became available from early evening and 
overnight and could therefore be used for an alternative purpose. An example of this 
in Leicester was to allow parking provided for shops during the day-time to be used 
for social and entertainment purposes during the evening period. Leicester City 
Council had introduced a scheme in order to maximise on-street parking within 
specific zones or area types. The scheme comprised several aspects, of which the 
primary elements incorporated: the provision of additional evening parking by 
utilisation of parking spaces that were otherwise occupied throughout the day; the 
permitting of loading bays to be used for parking during evenings; and the operation 
of a shared-use scheme wherein residents who were entitled to purchase a permit 
that allowed parking within a particular zone, shared the same parking bays with 
non-residents, who were able to pay a charge in order to park within the zone during 
the day-time. This scheme obtained the “best utilisation out of [parking] spaces” that 
was possible (Respondent 4). An additional aspect that is related to different areas 
within each city, was commented upon by Respondent 6, “an important aspect of 
future policy is that concerned with planning guidance for developers, in particular, 
as applies to parking requirements within residential new developments” (residential 
areas being one particular type of area that was investigated in the survey that was 
conducted within each city) and the associated impact that the guidance might have 
on the highways and local traffic network in terms of overspill parking. 
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     8.4.4      Walk time to destination from parking place 
Walking time as a factor to be incorporated into future parking policy decisions 
relates to the amount of parking supply that might be required to be provided across 
various areas within a city. Parking supply would be required in core areas that 
comprise key destinations, such as shopping centres and entertainment facilities, 
and additionally across more peripheral urban areas that would be more typically 
utilised by commuters trying to find a longer duration parking place at a lower cost, 
or by certain individuals who for personal preference may wish to take a slightly 
longer walk from a parking place to a destination. The Council Officers indicated that 
each local authority “aimed to provide a spread of on-street parking across all city 
areas, ranging from the inner core to outer zones” (Respondent 6), in order to cater 
for a variety of trip purposes, parking durations and individual preferences, as 
regards evaluating higher (or lower) tariffs with less (or more) walk time from a 
parking place to a destination. “A balance is attempted to be found between 
matching supply with the demand for parking” (Respondent 3); taking into 
consideration differences between day-time and night-time economies. This is a 
challenge due to, for instance, realising the need to provide on-street spaces close 
to night-time entertainment such as night-clubs, while not installing an abundance of 
parking spaces that might remain unused for the majority of the time if the spaces 
are situated at a greater distance from other destinations.  
8.5 Technological Advances 
The final question posed to the local authority Council Officers being interviewed 
concerned the potential impact of technological advances upon drivers’ parking 
search times and how the expectations of drivers regarding new technological 
applications to parking might be effectively managed. This topic was considered to 
be of particular importance, given the developments in technology that have filtered 
into many aspects of individuals’ lives and the increasing reliance that many 
individuals have upon technology in order to undertake daily tasks. A general 
consensus emerged that the introduction of technologies, such as sensors installed 
in parking bays that would allow drivers to locate, reserve, and potentially pay for a 
parking space in advance before arriving at a parking place, was “a number of years 
away” (Respondent 6) according to local authorities with responsibility for the cities 
taking part in these interviews. This was primarily due to the perceived high cost of 
implementing such a scheme in terms of both sensor technology and the re-
formatting of on-street bays that currently offered multiple parking opportunities, into 
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the single vehicle parking bays that would be required in order for a scheme to be 
successfully operated. However, if parking demand increased in future years to the 
extent that it began to overtake supply, with an increasing number of drivers 
reporting that parking search was becoming a problem, and that the number of 
vehicles searching for parking began affecting the highway network in terms of 
congestion, smooth traffic flow, and having an impact on time delays and air 
pollutant emissions, the Council Officers agreed that it might be that parking bay 
sensors would need to be seriously considered. The respondents noted that it often 
takes a number of years for innovative schemes to extend out from larger cities and 
metropolitan areas, such as the parking bay sensor scheme in Westminster, 
London, before being implemented nationwide. However, Respondent 3 discussed a 
scheme that was currently in the process of being introduced by Derbyshire County 
Council in Chesterfield, Derbyshire, in the Autumn of 2015, in which blue tooth 
technology was being used in order to monitor trip times of individuals who were 
driving between identified points along a network and at key junctions around the 
A61 corridor. The data that was collected would be used for monitoring actual trip 
times of drivers and as a means of subsequently measuring the impact of traffic 
intervention schemes. A further use would be for the scheme to operate as a traffic 
management tool, since the impact of increased congestion or a collision that had 
occurred on the highway could be observed and acted upon in terms of additional 
policy interventions. The Officer indicated that it might be possible to extend the 
technology being installed in order to “link with parking places [and apply it to direct 
drivers to areas where a larger number of available spaces existed at various times 
of day,] in order to prevent the majority of individuals whom were wanting to park 
from arriving at a locality and increasing the likelihood of having to drive around 
searching for parking” (Respondent 4). 
8.6 Conclusion 
This chapter has reported the findings of the third stage of this research. This final 
stage comprised the conducting of further interviews with local authority Council 
Officers, in order to report the research findings and to ascertain their views on the 
results obtained from having undertaken an on-street parking survey within four East 
Midlands’ cities. Further discussion took place around the potential implications in 
terms of future policy decisions that might need to be taken in terms of transport 
and, more specifically, parking policy within each city. The interviews contributed 
towards fulfilment of the fifth objective of recommending to local authorities future 
   
 
215 
 
parking search policy. The policy recommendations that have been elicited from this 
research are described in Chapter 10.  
In the initial interviews that had taken place with Council Officers (see Chapter 5 for 
the findings of the interviews), uncertainty had been expressed as to the level of 
parking search that was occurring within each city, although the length of search 
time in locating a parking space was not thought to be a serious problem. In 
reporting the results of individual search time that drivers had stated while 
responding to the survey questions (see Chapter 6 and Chapter 7 for the survey 
results), respondents’ initial perception was that search time appeared to be shorter 
than would have been expected. However, upon further thought and having clarified 
that search time was occurring, not from the time when a driver first entered a city, 
but from the moment when an individual reached the destination to which they were 
intending to visit, the Officers viewed the search time as being a more realistic 
figure. This redefinition of search time in the minds of the Council Officers aligned 
the term with that presented to drivers during the undertaking of the on-street 
parking survey. 
Having considered the main significant factors that were found to have influenced 
parking search time, the general view was that the factors were mostly to have been 
expected. Indeed, the local authorities had previously considered some of the 
factors, most notably, parking charges, within their parking policy strategy. Parking 
charges were also related to other factors, such as area type; with different tariffs 
having been set for specified zones across each city, and also time of arrival at a 
parking place, which encompassed different parking rates during day-time and 
evening time periods, for example. A common theme that emerged from the 
discussion was the challenge in providing a balance between what drivers would like 
to have in terms of parking provision and that which is possible from a local authority 
perspective, where cost effectiveness, consistency, and alignment with other 
transport policies is extremely important.  
The discussion ended with ascertaining the Council Officers’ thoughts about how 
new technological developments might influence parking policy in the future. 
Technological advancements had been identified in the literature (Chapter 2) as 
having an impact on parking search and, therefore, are likely to have considerable 
implications for future parking policy in urban areas. While Officers were aware of 
advances such as parking bay sensors and the impact that such schemes might 
have on reducing or removing parking search, it was not thought that this technology 
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would be likely to be implemented in the short-term within the cities in the survey. 
Instead, reliance on adjusting pricing and parking duration was thought to be a 
considerably cheaper and easier option, despite the advantages that installing more 
advanced technology might potentially have. However, the respondents indicated 
that more innovative options might be considered in the future, if demand for parking 
became such that supply was unable to meet demand and vehicles searching for 
parking began to create problems within the network traffic flow.  
The next chapter discusses and compares all of the findings contained within this 
thesis with earlier research that has been identified in the literature as having 
investigated on-street parking search. Chapter 9 will discuss the findings from 
qualitative interviews that were undertaken with Council Officers prior to 
commencing the parking survey (detailed in Chapter 5), in addition to the results of 
the quantitative on-street parking survey (found in Chapters 6 and 7), and the 
findings from further discussion with Council Officers about potential policy 
implications (highlighted in Chapter 8). 
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9.1 Introduction 
The previous chapter described the findings from having undertaken further 
qualitative interviews with local authority Council Officers in the East Midlands 
region, in order to ascertain their views on the results obtained from the modelling 
analysis of the on-street parking survey and to discuss potential implications for 
future parking policy. This chapter will discuss the findings from this research in 
relation to earlier parking search investigation from the literature (a thorough review 
of which was covered in Chapters 2 and 3). Discussion will take place around the 
findings of local authority interviews conducted for the scoping study (the findings of 
which were discussed in Chapter 5) compared with prior research findings from the 
literature. Further discussion will compare each significant factor identified from the 
multilevel modelling (street level) analysis (that were highlighted in Chapter 7) 
against other research findings (from Chapter 2) and offer explanations about the 
results, in order to enable greater understanding about the influencing factors of 
parking search time. Furthermore, each hypothesis will be individually assessed with 
respect to whether it is possible to reject each null hypothesis and support an 
alternative hypothesis. This section additionally includes a discussion of policy 
implications based upon interviews conducted with local authority Council Officers, 
in which the findings of the parking survey were discussed and reflected upon in 
terms of the potential impact on policy decisions (the details of which have been 
reported in Chapter 8). 
9.2 Parking Search: Council Officers’ Perspectives 
Parking search research has typically comprised empirical investigation by applying 
a quantitative analysis to understanding factors that influence search time. While 
this research also conducted a similar empirical investigation by means of a 
quantitative parking survey (the method of which has been covered in depth in 
Chapter 4; while the findings have been reported in Chapters 6 and 7), an 
additional, qualitative approach was undertaken in the form of interviews conducted 
with local government authority senior parking and transport decision-makers 
(please refer to Chapter 5 for the findings). Utilising a qualitative semi-structured 
interview technique removed the constraints that might have existed in an 
empirically-based investigation and enabled wider issues around parking search to 
be explored with respondents, who had many years’ experience of working in 
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parking and transport policy. The interview respondents, comprised of City, County, 
and Borough Council Officers, identified several areas of agreement concerning the 
main transport issues affecting cities in the UK, including the importance of 
considering parking management measures as an element of overall traffic policy. 
Most noticeable was the consensus that while parking search has the potential to 
have a severely negative impact on the smooth operation of the transport network 
and efficient traffic flow, as has been evidenced from the literature on parking search 
(Arnott and Inci, 2006), and which the respondents recognised and acknowledged, 
all of the Officers raised the issue that a lack of recorded evidence regarding the 
volume of vehicles searching for parking created difficulty in establishing existence 
of parking search and in quantifying the level of the problem within UK cities. 
However, all stated that if empirical evidence demonstrated that parking search is a 
significant problem in their particular city (in the East Midlands), control of parking 
search would become a higher priority among transport policy rankings; with parking 
pricing and other transport demand management measures being implemented to 
control this. Having returned to the Council Officers in order to conduct subsequent 
interviews (please refer to Chapter 8 for the findings of the interviews), the 
respondents observed that the level of parking search time that drivers stated that 
had been undertaken appeared slightly lower than would have initially been 
expected. After considering this further, the Officers noted that the lower figure could 
have been perceived as realistic if search time was defined as the time from when a 
driver reached a destination with the intention of parking and thus commenced the 
search process from this moment, rather than search beginning at the point at which 
an individual entered a city. 
The Council Officers were aware of technological advances that could considerably 
reduce, or even remove, parking search time, for instance smartphone applications 
linked to sensors in parking bays that informed drivers of the location of vacant 
parking spaces and potentially enabled advance remote parking reservation and 
payment (Nawaz et al., 2013). However, a concern was expressed by the Council 
Officers about high installation costs that would be likely to prohibit implementation, 
unless parking search could be seen as having a greater and more negative impact 
on future traffic networks in and around the main cities than currently was perceived 
to exist. A discussion took place with the respondents around the importance of 
local area parking policy (Marshall, 2014) to understand how parking search may 
have been affected by parking standards and urban design (Weinberger, 2014), and 
how best to anticipate and plan for potential impacts of parking search on local 
   
 
219 
 
traffic networks. Despite the potential of technological developments to reduce 
parking search, for the Council Officers, the immediate solutions would focus around 
the pricing and duration (times of operation) of parking places (Coppola, 2002; 
Hensher and King, 2001), and the effective operation, quality and signage of off-
street parking provision working alongside on-street supply. These solutions would 
aim to balance accessibility of urban areas to promote economic vitality, revenue-
raising from parking charges, and managing transport demand (Rye and Koglin, 
2014) in order to minimise search times. Council Officers additionally identified 
individual characteristics that influenced drivers’ knowledge of an area and affected 
parking search decisions and the length of search time undertaken. Such factors, as 
indicated in the literature, included familiarity with an area (Bonsall and Palmer, 
2004; Cools et al., 2013; Khattak and Polak, 1993; Rye et al., 2008; Thompson and 
Richardson, 1998; van der Waerden and Timmermans, 2014) and willingness to pay 
a level of parking fee (Anastasiadou et al., 2009; Barata et al., 2011; Kobus et al., 
2012; van Ommeren et al., 2011).  
9.3 Examination of Significant Factors from Parking Survey 
This section will compare each significant factor identified from the multilevel 
modelling (street level) analysis (taken from Table 7.6 in Chapter 7) against earlier 
research findings from the literature (Chapter 2) and the findings from interviews 
conducted with local authority Council Officers (Chapter 5). This will enable greater 
understanding of important influencing factors of parking search time and assist in 
the formulation of potential policy applications. Hypotheses will also be examined in 
order to potentially reject each null hypothesis.   
    9.3.1       City (‘CityName’) 
Two variables (‘CityName’ and ‘AreaType’) were new parking search influencing 
factors in this thesis that had not been investigated in other research in the literature 
(that was reviewed in Chapter 2). It was not, therefore, possible to compare the 
findings of this research in terms of the variables ‘CityName’ and ‘AreaType’ with 
earlier research from the literature, since these were new factors that had been 
developed during the undertaking of this thesis. The results in this research found 
that only ‘Nottingham’ showed significance for ‘CityName’, in a negative direction, 
compared to the reference case ‘Lincoln’, meaning that less search time took place 
in Nottingham than occurred in Lincoln. This result may initially have been thought to 
have arisen from higher levels of on-street parking supply in Nottingham compared 
to those provided in Lincoln. However, an estimated 495 spaces in 16 streets were 
   
 
220 
 
provided in Lincoln compared to an estimate of 702 spaces in 38 streets in 
Nottingham, which would appear to suggest that parking provision is higher in 
Lincoln and hence should have resulted in less search in Lincoln. Therefore, an 
alternative explanation may be that the finding of less parking search in Nottingham 
might instead be as a result of the type, price and duration of on-street parking in 
Nottingham having more closely met drivers’ demand than in Lincoln. For instance, 
parking provision needs to include options for short- and long-duration parking and 
various parking charges to reflect different durations and distance from a destination 
(such as the city centre and other key attractions). It may have been that Lincoln 
offered on-street supply of the type, price and duration that did not so closely meet 
the needs of drivers, thereby resulting in more parking search than occurred in 
Nottingham. 
    9.3.2       Area Type (‘AreaType’) 
The variable ‘AreaType’ was a new and important factor that had not featured in 
earlier literature. This meant a comparison was not able to be made between the 
quantitative survey findings here and other parking search research. However, 
interviews with Council Officers (reported in Chapter 5) indicated that respondents 
had identified spatial patterns of parking search, which concurred with research by 
van Ommeren et al. (2012). Each local authority agreed that on-street parking 
search was more likely to occur within peripheral urban areas away from city centre 
cores. This was due to a lack of parking facilities of the type that are typically 
provided in central urban areas, such as large off-street surface car parks or multi-
storey parking facilities. Furthermore, parking search appeared to be more prevalent 
in larger market towns which attracted a large number of visitors for shopping and 
personal business purposes, but were not able to provide sufficient parking supply 
to meet peak period demand. The survey results from Chapter 7 of this research 
supported the observations of the Council Officers that spatial patterns to parking 
search had occurred. The survey findings indicated that a positive and significant 
coefficient was identified for two categories of this variable in the multilevel model, 
that of ‘peripheral - university, hospital and train station’ and ‘residential (used by 
commuters)’, when compared to the reference case ‘core – shopping’. This indicates 
that more search for on-street parking occurred for drivers wanting to park in 
‘peripheral - university, hospital and train station’ and ‘residential (used by 
commuters)’ area types than for individuals wanting to park in a ‘core – shopping’ 
area. This might initially have appeared to be an unexpected finding, since it might 
have been considered that ‘core – shopping’ areas would have been subjected to 
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higher demand (and hence greater search) than would have the more peripheral or 
residential areas. This finding could be explained by reflecting on the different trip 
purposes of drivers who may have chosen to park at peripheral areas compared to 
those who selected to park within a core area which was close to retail facilities. It is 
likely that those drivers who preferred peripheral areas, either those on the outskirts 
of each of the four cities, close to a university, hospital and/or train station, or 
amongst a residential area, had trip purposes that were very different to those 
individuals who selected to park in a core area. Individuals who had parked in more 
centrally-located on-street parking areas would typically have been wanting to park 
for shopping purposes; while drivers who parked in peripheral areas would typically 
have been requiring a longer-duration parking space for work purposes. Thus a high 
demand for long-duration spaces (that were typically supplied without a requirement 
to pay a tariff to park) may not have been fulfilled by sufficient supply of this type of 
parking space; hence, creating higher occupancy levels and lower turnover of 
spaces and, therefore, giving rise to increased levels of parking search among 
individual drivers. In contrast, it would have been more likely that parking providers 
would have predicted that ‘core – shopping’ areas would have had high demand; 
therefore, a greater supply of shorter-duration parking of various tariffs according to 
different lengths of stay would likely have been provided. This would have led to 
correspondingly lower levels of search time, in comparison with more peripheral 
areas that provided less parking supply and achieved higher occupancy levels as a 
result of a lack of parking charges. Council Officers observed the importance of 
considering different area types within each city when examining parking and 
transport policy, with reference to the existence of zones and how these related to 
various trip purposes being undertaken by individuals who had travelled into a city. 
The Officers recognised the need to balance parking supply and demand across the 
various city zones in order to fulfil the requirements of drivers with different trip 
purposes. 
Hypothesis 1: There will be no difference in area type and the time spent searching 
for parking 
The null hypothesis ‘there will be no difference in area type and the time spent 
searching for parking’ can be rejected since a significant difference was found for 
different area types and the time spent by drivers in searching for parking. An 
alternative hypothesis, that of ‘there is a difference in area type and the time spent 
searching for parking’ can be supported as a significant difference was found in a 
positive direction for drivers who had parked in two of the area types (‘peripheral - 
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university, hospital, train station’ and ‘residential - used by commuters’) as 
compared to the reference case of ‘core - shopping’ area type. 
    9.3.3       Parking Charges (‘ParkCharge’) 
Parking charges have been one of the most frequently researched factors thought to 
have influenced parking search time (see section 2.4 in Chapter 2). This factor has 
been investigated alongside other potential influencing factors of parking search, for 
instance, trip purpose (Chalermpong and Kittiwangchai, 2008; Hensher and King, 
2001; Kelly and Clinch, 2006, 2009; Simicevic et al., 2012), walking distance (Ergun, 
1971; Harmatuck, 2006; Hunt and Teply, 1993; Lam et al., 2006; Lambe, 1969; 
Tsamboulas, 2001; van der Goot, 1982; Yun et al., 2008) and parking time 
restrictions (Simicevic et al., 2013). It has been suggested in earlier research that an 
increase in the price of parking stimulated drivers to look for a parking space that 
was of lower cost or free of charge to the driver (at the point of parking), particularly 
if off-street parking was priced at a higher cost than on-street alternatives (Golias et 
al., 2002; Shoup, 2006). Increased demand from drivers looking for cheaper parking 
led to a greater demand in areas where parking that fulfilled this requirement was 
provided, thereby encouraging the growth of searching for parking. A similar result 
was found in this research where, for categories of the parking charge variable in 
which a parking fee was charged, all indicated a significant coefficient value in a 
positive direction when compared with the reference case of ‘no fee’ being charged 
of drivers wanting to park in an on-street space. Greater support for this result has 
been emphasised by the finding that the highest coefficient was identified for the 
category which had the largest value of parking charge (‘≥£3.00), highlighting how 
the most search time occurred with the highest tariff. Although, in contrast, the 
results for ‘AreaType’ (described previously in section 9.3.2) found the highest 
length of drivers’ search time for an on-street parking space occurred in more 
peripheral urban areas, which did not charge a fee for parking. However, as 
explained earlier, this finding could have been as a result of higher parking 
occupancy levels in peripheral areas, leading to fewer spaces becoming vacant and 
hence to increased search times. The Council Officers who were interviewed in this 
research recognised the importance of parking charges as a policy measure that 
could influence parking search time. Indeed, tariff adjustments were mentioned as 
the primary means of affecting the demand for parking from individuals who had 
travelled to a city. Pricing was typically applied in conjunction with changes to 
permitted parking durations, at particular times of day or evening, and in association 
   
 
223 
 
with various area types; different parking charges being applicable within specific 
zones. 
    9.3.4       Walking Time from Parking Place to Destination (‘WalkTime’)  
Along with the pricing of parking, walking time (egress time) from a parking place to 
an end destination point has been frequently researched (see section 2.2.2). This 
factor has typically been investigated alongside access time from a point of origin to 
a parking place (Axhausen and Polak, 1991; Bustillos et al., 2011; Dell’Orco et al., 
2003; Hess and Polak, 2004; Ottomanelli et al., 2011; Sattayhatewa and Smith, 
2003) or alongside parking pricing (Ergun, 1971; Harmatuck, 2006; Hunt and Teply, 
1993; Lam et al., 2006; Lambe, 1969; Tsamboulas, 2001; van der Goot, 1982; Yun 
et al., 2008). Research has investigated drivers’ decisions in terms of having 
selected either a longer walk time, in order to avoid paying higher parking fees 
around key destinations and city cores, or shorter walk times accompanied by 
higher parking tariffs. A greater walk time would have typically been accompanied 
by a shorter search time since, while some individuals chose to avoid high parking 
fees by parking in peripheral areas, other drivers may have preferred to pay more 
for parking in central areas in order to avoid a longer walk time. This would have 
created less demand in more peripheral areas with longer walk times; hence, lower 
levels of search time would have occurred. Conversely, a shorter walk time 
accompanied by higher parking tariffs in more central areas may have created high 
demand for parking, despite higher charges, among drivers for whom less walk time 
was of greater importance. This would have resulted in increased search time in 
areas close to a destination with shorter walk times, where parking spaces would 
have been eagerly sought after by potentially many other drivers. The increased 
demand would have led to drivers needing to have searched for a longer time before 
locating an available parking space. The relationship between ‘Walk Time’ and 
‘Search Time’ is an interesting one, in that certain individuals might be selecting as a 
priority to reduce walking time to a destination from a parking place, rather than 
initially seeking to minimise search time. Hence the relationship between walking 
time and parking search time could run in both directions. 
 
The finding of increased search time as walking time increased, which was indicated 
in this research, would not have been predicted, since it would have been expected 
that higher parking search times would have occurred around key destinations with 
shorter walking time, due to higher demand for those parking spaces. This 
contrasting finding of increased walk time with longer search time suggested that 
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drivers had chosen to park further from destinations where one would have 
expected lesser demand and lower search time. A possible explanation for the 
higher search time in those areas could be as a result of high demand for longer 
duration parking, which was located further from key destinations and hence created 
longer walk times and more search, if provision of long-stay centrally-situated 
parking spaces was limited. An alternative explanation may have been that at peak 
parking periods, spaces located closer to key destinations that had shorter walk 
times were fully occupied, hence dispersing drivers out to more peripheral areas 
with associated longer walk times. In considering earlier research that investigated 
walk time alongside parking pricing, a further explanation for the finding of increased 
search time as walk time increased might have been that a large number of drivers 
had sought an on-street parking space in a peripheral area that was of low cost or 
free-of-charge in order to avoid higher fees in core areas; hence, leading to 
increased demand and more search in outer city areas. 
 
In examining the elasticity of search time with respect to walk time, it was found that 
elasticities were indicated as being higher for the individual city models than for the 
multilevel model (for both the city and street level models). The finding that a 
considerable variation existed between individual city elasticities and the elasticity of 
the combined models would support the application of a comprehensive multilevel 
modelling approach in order to enable generalisation beyond those cities included in 
this particular dataset. 
    9.3.5       Trip Purpose (‘Purpose’) 
Trip purpose as an influencing factor of parking search and a driver’s decision to 
undertake a longer (or, alternatively, shorter) search time can be considered in 
terms of other factors that are connected with an individual’s trip purpose. For 
instance, a trip purpose that comprised ‘work’ might mean an individual had to reach 
a destination (a workplace) by a certain time; thereby rendering it unfeasible for a 
driver to engage in a long search time which could have resulted in being late for 
work (Axhausen and Polak, 1989). Another example is where an individual cites 
‘shopping’ as a trip purpose. Undertaking a shopping trip would not usually require 
operating to a defined schedule such as occurs with ‘work’; thereby providing the 
opportunity to engage in a longer search time for an on-street parking space if 
desired. In contrast to the previous expectation that having a trip purpose ‘shopping’ 
would allow for a longer search time, this research finding indicated that less parking 
search took place for ‘shopping’ ‘than occurred for ‘work’ (the reference case). This 
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finding might have appeared unexpected in that commuters parking for work had a 
tendency to have arrived at parking places during early morning before other users 
and hence would have been expected to have experienced a greater choice of 
available spaces and thereby to have undertaken less searching. However, it may 
have been that the supply of longer duration parking places used by commuters was 
more limited than core central areas that were utilised by drivers undertaking 
shopping trips. This would have resulted in increased search time in peripheral 
areas of parking for work purpose, and correspondingly lower search time among 
parking places with more provision that were utilised by drivers with other trip 
purposes such as shopping, in this instance. In agreement with much of the 
literature (section 2.6.1), for instance, Bradley and Layzell (1986) and van Ommeren 
et al. (2012), Council Officers identified significant temporal variations in parking 
search occurrences; typically arising from different trip purposes (Axhausen and 
Polak, 1989; van der Goot, 1982). For instance, the observation of increased 
parking search during evening times in several of the cities resulted from drivers 
visiting for social and entertainment purposes; meanwhile, Saturdays experienced 
higher levels of parking search among shoppers during the late morning and early 
afternoon period; a pattern which was not evident among other trip purposes such 
as commuters. 
Hypothesis 2: There will be no difference in drivers’ trip purpose and the time spent 
searching for parking 
The null hypothesis ‘there will be no difference in drivers’ trip purpose and the time 
spent searching for parking’ can be rejected since a significant difference was found 
for drivers who had different trip purposes and the time spent searching for parking. 
An alternative hypothesis, that of ‘there is a difference in drivers’ trip purpose and 
the time spent searching for parking’ can be supported, since a significant difference 
was found in a negative direction for drivers with a trip purpose stated as ‘shopping’ 
as compared to the reference case of trip purpose as ‘work’. This result indicated 
that search time was less for drivers who expressed their trip purpose as being for 
reason of ‘shopping’ when compared to other individuals who had a trip described 
as being for ‘work’ purposes. 
    9.3.6       Parking Habit (‘Habit’) 
A driver’s habitual parking behaviour may influence individual search time since 
habit reduces original decision-making and leads to one automatically reverting to 
behaviours that have previously been performed over a long time period (Aarts et 
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al., 1997; Verplanken et al., 1998). There has been scarce application of the 
investigation of habitual behaviour to research investigating parking search (see 
section 2.6.5). Applying this factor to parking search means that a driver who 
habitually parks in a specific parking place would, over several occasions of parking 
in a similar area, have become familiar with the expected amount of search time 
required. Habit can therefore be seen as having connections with other factors such 
as ‘familiarity’ with an area and its parking supply, with drivers choosing to park in 
parking places used for prior trips (Bonsall and Palmer, 2004; van der Waerden et 
al., 2014). In the initial stages of parking place selection, a driver could modify their 
behaviour slightly, such as by altering their time of arrival at a parking place, in order 
to achieve a search time that proved acceptable to their personal circumstance. At 
this point, all future trips would follow the same pattern of behaviour, resulting in 
habitual parking and search time, subject to unexpected fluctuations in traffic flow or 
other uncertainties beyond a driver’s immediate control. Considering ‘habit’ in such a 
way would lead one to expect that drivers who have not established habitual 
behaviour, such as those for whom parking was ‘their first visit’ or whom ‘rarely park’ 
at that particular parking place would have increased search times. The explanation 
for this would be that such drivers would not have developed a familiarity with an 
area that would have modified decisions and behaviour over time and formulated 
habitual parking behaviour at a level of search time that was personally considered 
as appropriate. This expectation was supported in the research finding that drivers 
who ‘rarely park here’ or for whom parking there was their ‘first visit’ compared to 
individuals who ‘always park here’ had increased search times.  
Hypothesis 3: There will be no difference in drivers’ parking habit and the time 
spent searching for parking  
The null hypothesis ‘there will be no difference in drivers’ parking habit and the time 
spent searching for parking’ can be rejected since a significant difference was found 
for drivers who had different parking habit and the time spent searching for parking. 
An alternative hypothesis, that of ‘there is a difference between drivers having 
different parking habit and their search time’ can be supported as a significant 
difference was found in a positive direction for drivers with different parking habit as 
compared to the reference case. 
    9.3.7       Trip Time from Origin to Parking Place (‘TripTime’) 
The time a trip takes from point of origin to a parking place, identified as ‘access 
time’ in the literature (section 2.2.2.) could have been expected to have influenced 
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the number of minutes of search time undertaken by drivers. A driver travelling only 
a short distance with a correspondingly brief trip time would likely spend less time 
searching for parking than would an individual who has travelled a further distance, 
with an associated greater trip time since, in the former instance, a larger proportion 
of the total travel time would be spent in searching for parking than would an 
equivalent search time when comprised of a longer journey from origin to parking. 
This expectation was supported in this research, which found that, compared to a 
reference case of trip time ‘<10 minutes’, those drivers travelling for longer times 
(’41-50 minutes’ and ‘>60 minutes’) had increased search times. In the literature, 
access time has been investigated alongside walk time and search time (Axhausen 
and Polak, 1991; Hess and Polak, 2004) which led to findings that indicated 
individuals showed significant differences in valuation of each element of travel time, 
and high absolute time cost values. This lends support to the findings that ‘TripTime’ 
is an important factor considered by drivers when making a decision about how long 
to search for a parking space. 
    9.3.8       Number of Parking Places Previously Visited on the Same Trip  
                  (‘NumVisit’) 
The number of parking places visited by a driver on the same trip prior to choosing a 
parking space is a factor that has undergone scarce research, with the exception of 
van der Waerden et al. (1993) (in section 2.6.3), who found that drivers 
demonstrated a decreased likelihood of searching for parking with an increased 
number of previously visited parking places. It would be predicted that the larger the 
number of parking places that have been visited by an individual in attempting to 
find an available space that fulfils specific requirements on a particular trip, the 
longer the search time would have been. This prediction was supported by the 
research findings, which indicated that with an increased number of parking places 
visited, the greater the length of search time that had been undertaken. 
Hypothesis 4: There will be no difference in number of parking places visited and 
the time spent searching for parking 
The null hypothesis ‘there will be no difference in number of parking places visited 
and the time spent searching for parking’ can be rejected since the findings 
indicated highly significant differences between the number of parking places 
previously visited by a driver on the same trip and the length of search time 
undertaken. An alternative hypothesis of ‘a higher number of parking places visited 
will positively influence search time’ can be supported since, compared to the 
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reference case of ‘0 parking places visited’, longer search times were found when 
more parking places had previously been visited. 
    9.3.9       Time of Arrival at a Parking Place (‘ParkTime’) 
A factor that takes into account a driver’s time of arrival at a parking place, such as 
the variable ‘ParkTime’ that was included in the research model, does not appear to 
have been considered within the literature and the findings in this research are, 
therefore, unable to be discussed alongside earlier research. However, it was 
thought to be of importance in this research to consider an individual’s time of arrival 
at a parking place given that certain times of day constituted peak periods of parking 
demand and hence were more likely to have given rise to longer search times for a 
parking space. Such times were anticipated to have arisen around early mornings 
for drivers travelling and needing to park for work purposes; slightly later in the 
morning, over a lunchtime period and into early afternoon for those individuals with 
shopping or personal business needs; and early evening for drivers wanting to park 
for social and entertainment purposes. The findings supported the expectation of 
drivers having longer search times compared to the reference case of ‘07:00-07:59’, 
with increasing search times throughout the morning as commuters needed to park. 
This was followed by further growth in search time during the approach up to and 
including lunchtime as drivers entered each city for shopping and personal business 
purposes. Following a slight dip in search time during early to mid-afternoon, 
although still experiencing higher search time than the reference case, search time 
again grew during late afternoon. This increase coincided with drivers who had 
attempted to park for social and entertainment purposes whilst parking spaces had 
continued to be occupied by individuals who had parked earlier in the day for work 
or other purposes. Thus, a requirement for more individual search time was created 
until such time as parking occupancy levels decreased when those drivers who had 
parked earlier in the day had vacated the spaces.  
The different search times indicated in this research according to time of arrival at 
various parking places have emphasised the importance of including this variable 
within the investigation of factors that potentially have influenced parking search 
times. Discussion with Council Officers during the follow-up interviews (found in 
Chapter 8) emphasised their awareness of particular peak periods of parking 
demand that were connected with drivers’ times of arrival at parking places. The 
local authorities had attempted to smooth demand across an extended range of time 
bands by adjusting the level of parking fees to be paid according to time of day and 
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zone (defined by proximity to core areas), and by maximising the number of 
available on-street parking spaces through implementing shared parking schemes 
that permitted both residents and non-residents to use bays in specified areas, in 
addition to enabling spaces that served a particular purpose for individuals during 
day-time to be utilised by different user groups throughout the evenings.  
Hypothesis 5: There will be no difference in time of arrival at a parking place and 
the time spent searching for parking  
The null hypothesis ‘there will be no difference in time of arrival at a parking place 
and the time spent searching for parking’ can be rejected since the findings 
indicated significant differences for a driver’s time of arrival at a parking place and 
the amount of time spent searching for parking. An alternative hypothesis, that of ‘an 
earlier time of arrival at a parking place will negatively influence search time’ can be 
supported, since all later times of arrival at a parking place, compared to the 
reference case of ‘07:00-07:59’, gave rise to longer search times. 
    9.3.10       Vehicle Type (‘VehType’) 
In common with time of arrival at a parking place, ‘VehType’, a factor that takes into 
account a driver’s type of vehicle (for instance, small hatchback or Light Goods 
Vehicle), was not studied in earlier research and hence the findings cannot be 
compared to those within the literature. An important consideration in this research 
was to take into account an individual’s vehicle type since choice of vehicle may 
have influenced a driver’s selected parking place and hence the length of search 
time an individual was prepared to undertake. Vehicle choice could have been 
conceived as having had a connection with a driver’s level of income, although 
‘Income’ was not found to be a significant factor in search time in this model. The 
findings indicated that drivers of ‘Light Goods Vehicles (LGV)’ undertook longer 
search times than drivers of the reference case vehicle, ‘small hatchback’. This 
result may have arisen due to LGVs typically having been driven by trades-people or 
delivery drivers, resulting in vehicles being driven that contained valuable equipment 
and tools, goods and parcels, which would have influenced a driver’s need to have 
parked close to a destination for greater security reasons. This requirement may 
have led to increased search times in densely populated areas with high parking 
demand. Furthermore, trades-people and delivery drivers tended to work at or 
deliver to specific addresses for each particular job; this requirement would have 
created a need to search for a parking space close to an address which, at peak 
parking times, could have been difficult to find and entailed additional search time. 
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    9.3.11       Weather Conditions (‘Weather’) 
Weather is a factor that has not received much attention in the literature on parking 
search research (see section 2.8.1), with the exception of Kobus et al. (2012), who 
found that cold weather and rain significantly increased the likelihood of drivers 
selecting a parking place in a covered car park. Broader transport research by 
Khattak and de Palma (1997) examined the impact of adverse weather on 
individuals’ travel plans and found that individuals changed their travel patterns in 
accordance with adverse weather conditions. Hence, given the available literature 
on weather-related transport research, it was considered that weather conditions 
might conceivably have influenced driver search time, since bad weather (rain, wind 
and cold conditions) might have stimulated more drivers to attempt to locate a 
parking space close to a destination. Such an increase in numbers of individuals 
trying to park in specific areas would have increased demand and correspondingly 
lengthened search times. The findings indicated that compared to ‘warm/sunny’ 
conditions, weather classified as ‘cool/sunny’ reduced search time. This finding 
would have been unexpected but could be explained by fewer individuals 
undertaking some trip purposes (for instance, shopping or social/entertainment) if 
the weather appeared cool, than if the conditions were warm and sunny. If a cooler 
weather condition resulted in fewer drivers travelling to a city and trying to find a 
parking space, the lower demand would have reduced the search time for other 
drivers who still required parking.  
     9.3.12     Street-Level Differences 
The sixth and final hypothesis, unlike the previous five hypotheses, was not focused 
on individual factors that influenced parking search; instead it was concerned with 
statistical modelling of the factors and how the investigation of parking search might 
have been enhanced through the choice made of selecting either a single-level or 
multilevel regression model to apply to the data analysis. 
Hypothesis 6: No significant variation in parking search time will be attributed to 
street-level differences 
The null hypothesis ‘No significant variation in parking search time will be attributed 
to street-level differences’ can be rejected since a significant variation in parking 
search time was shown to be attributed to street-level differences. The alternative 
hypothesis, that of ‘significant variation in parking search time will be attributed to 
street-level differences’ can be supported, since the multilevel model findings 
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indicated that 17.5% of the variation in parking search time could be attributed to 
street-wide differences, as shown by the figure of 0.17544 for the intra-class 
correlation coefficient (ICC).  
9.4 Conclusion 
This chapter has discussed the findings from a qualitative scoping study conducted 
with local authority Council Officers (the results of which have been reported in 
Chapter 5, with findings from further interviews with transport policy makers 
described in Chapter 8) and the results from a quantitative on-street parking survey 
undertaken with drivers (see Chapters 6 and 7 for analysis and reporting of the 
findings), and compared these findings with earlier research from the literature 
(reviewed in Chapter 2) where parking search had been investigated. Several 
factors had been highlighted by Council Officers as having been observed in parking 
search occurrences in each city. These factors had also been identified in the 
literature (in Chapter 2) and had been included in the quantitative survey (Chapter 4 
describes the method for developing and conducting the on-street survey).  
Each hypothesis has been considered in terms of the possibility of rejecting the null 
hypothesis and supporting an alternative hypothesis. It was found that each of the 
null hypotheses could be rejected, since differences were found between each 
variable being investigated and the length of search time undertaken for locating a 
vacant on-street parking space. One of the most important factors that was indicated 
as affecting drivers’ search time was the arrival time at a parking place (for which 
every time period after the 07:00-07:59 reference case indicated increased search 
time was occurring). For hypothesis six, significant variation in parking search time 
was found to be attributed to street-level differences; hence the null hypothesis 
could similarly be rejected. This important finding indicated that selection of a 
multilevel linear regression model to analyse the dataset in this research was 
appropriate.  
The chapter additionally included potential policy applications that stemmed from a 
discussion about the research findings during further interviews that were conducted 
with local authority Council Officers (the findings of which were reported in Chapter 
8). The most frequent policy measures applied by local authorities in terms of 
parking and as a means of controlling parking search time comprised pricing 
strategies. Tariffs were typically applied alongside permitted parking duration and 
zoning, with prices adjusted according to proximity to a city core and for a driver’s 
length of parking stay. The final chapter of this thesis will explain how the aim has 
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been achieved, examine the addition to knowledge, highlight limitations that were 
uncovered during the research process, suggest important future research 
directions in the area of parking search and recommend applications to parking 
policy. 
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10.1 Introduction  
The previous chapter discussed the results of the interviews (from Chapter 5) and 
parking survey (Chapters 6 and 7) and compared the findings with other research in 
the literature (from Chapter 2) in which parking search had been investigated. The 
chapter additionally included the perceptions of Council Officers on the findings of 
the survey and potential policy implications around parking (the findings of which 
were reported in Chapter 8). Furthermore, each hypothesis was examined, in order 
to consider if a null hypothesis was able to be rejected and potentially an alternative 
hypothesis supported. This chapter forms a conclusion to the thesis and will focus 
on: achieving aim, addition to knowledge, policy recommendations, research 
limitations, and areas of future research. 
10.2 Achieving Aim 
The aim of this thesis was to investigate and compare the factors that influenced 
drivers’ urban on-street parking search time and its policy implications. As such, the 
research undertook to analyse and interpret the factors that influenced drivers’ 
urban on-street parking search time, with a view to recommending potential policy 
measures. Five objectives were defined in order to guide the research towards 
fulfilling this aim.  
1) To identify the factors influencing urban on-street parking search time 
This objective has been achieved in two ways. Firstly, a thorough review was 
undertaken of the published literature in which on-street parking search has been 
investigated. This formed the focus of Chapter 2, wherein it was identified in the 
literature that a driver’s search time for a parking space is potentially influenced by 
numerous and often inter-related factors. These factors were subsequently able to 
be classified into categories that encompassed the following areas: time-related; 
price-related; individual (trip and personal); area-wide; and physical car parking 
characteristics. Secondly, following a review of the literature, interviews were 
conducted with ten local government authority Council Officers within the case study 
area, in order to obtain the perspectives of senior transport and parking policy-
makers about parking search in four cities (Derby, Leicester, Lincoln, and 
Nottingham) within the East Midlands region of the UK. The interviews enabled 
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factors to be identified that were perceived by the Council Officers as having 
affected the search time of drivers within each city in the research area.  
2) To determine the views of local authority transport and parking policy 
decision-makers, with respect to parking search 
It was identified in the literature that most of the research in which parking search 
had been investigated had been conducted from the perspective of individual 
drivers, each of whom were attempting to find a vacant parking space that fulfilled 
their specific requirements on a particular trip. In this thesis, it was considered to be 
of importance to examine parking search from an additional, alternative, viewpoint of 
transport and parking policy-makers, in order that a more comprehensive 
understanding of parking search would be obtained. Ten semi-structured interviews 
consequently took place with senior local government authority Council Officers 
across the East Midlands region, in order to gather their opinions on parking search 
within each of the cities in the case study area. Following analysis of the interviews, 
it was found that consensus emerged among the Council Officers about the nature 
of parking search and the factors that were perceived to have led to increased driver 
search time in the cities of Derby, Leicester, Lincoln, and Nottingham. Furthermore, 
the factors highlighted by the Council Officers concurred with several of the factors 
that had been identified in the literature as having an impact on parking search time. 
3) To ascertain the perspectives of individual drivers of their experiences of 
urban on-street parking search 
Factors that had been identified from undertaking a review of the literature and 
through interviews conducted with local authority Council Officers were investigated 
by means of a quantitative revealed preference on-street parking survey. An initial 
pilot on-street parking survey was undertaken with 105 drivers in Lincoln over a one-
week period, across thirteen streets on which were provided on-street parking 
spaces. Administering a pilot parking survey enabled checks to be made on the 
wording of survey questions and on the answer format prior to subsequently rolling-
out the survey across the four cities. Several amendments were subsequently made 
to the survey questions following the pilot survey; after which the main on-street 
parking survey was conducted. This took place in four cities with 1,002 drivers who 
had utilised on-street parking in any one of 98 streets that had been identified as 
providing a supply of on-street parking spaces. This enabled the third objective of 
ascertaining the perspectives of individual drivers’ experiences of urban on-street 
parking search to be met. 
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4) To develop a relationship between urban on-street parking search time and 
other factors using a statistical model 
The on-street parking survey data that had been collected from 1,002 drivers was 
statistically analysed by applying a multilevel linear regression modelling technique, 
in order to identify the significant factors that influenced parking search time and to 
ascertain the direction of significance of each factor. The dataset was initially 
analysed by developing single-level linear regression models for the four individual 
cities in the study. This enabled comparisons across cities in terms of variables that 
displayed significant coefficient values. A single-level (pooled data) linear regression 
model was then performed across all four cities; the results of which were compared 
with the findings from analysis using the multilevel model. Utilising a multilevel 
modelling approach enabled analysis of the hierarchical data structure that 
comprised two levels of factors (street level and individual level), wherein drivers 
were ‘nested’ within streets. Thus, the effect on individuals’ parking search time of 
within-cluster correlations for drivers parking on the same street (whereby 
individuals shared street characteristics, such as parking charges, time restrictions, 
and levels of supply and demand) and between-cluster variations for drivers who 
had parked on different streets (and therefore did not share street characteristics) 
could be determined. Comparison of parking search time influencing factors 
revealed important differences in statistically significant variables and coefficient 
values between the single-level and multilevel regression modelling approaches. 
Significant factors included: arrival time at a parking place; trip time from origin to 
parking place; walking time from a parking place to a destination; parking tariff; and 
the number of parking places previously visited on a particular trip. The intra-class 
correlation coefficient for the multilevel model was found to be 0.175, suggesting 
that 17.5% of the variation in parking search time could be attributed to street-wide 
differences in issues related to parking search. 
5) To recommend to local authorities future parking search policy 
The fifth objective forms the final stage of this thesis by connecting the previous four 
objectives to the aim of the research. In addition to examining the findings from the 
prior objectives, results from the on-street parking survey were examined by means 
of conducting further interviews with senior transport and parking Officers from City 
and County Councils within the East Midlands, in which potential future parking 
policy measures were explored. This research has increased the knowledge and 
   
 
236 
 
understanding of the factors that potentially influence drivers’ urban on-street 
parking search, which has led to the development of suggested policy 
recommendations that would be applicable to local government authorities in the 
UK, in addition to transport and urban planning professionals who are involved in 
parking policy within national and international contexts.  
10.3 Addition to Knowledge 
This thesis has added an original contribution to the knowledge of parking search 
research in a number of ways: 
 A larger number of potential influencing factors of parking search time have 
been examined, by means of an on-street parking survey and subsequent 
statistical modelling. Factors in the survey and model included some that had 
not been previously investigated in parking search research within the literature, 
for instance, area type, in addition to other factors that had been subjected to 
very little research in terms of parking search, for example, drivers’ parking 
habit. The inclusion of new and under-researched variables within an 
investigation into parking search research has increased the knowledge base in 
this area. 
 
 The research has been conducted in a region of the UK. This is in contrast to 
much of the earlier research into parking search that was mostly undertaken in 
the USA. Little research into parking search has taken place in European 
countries, including the UK; hence this research has sought to address this gap.  
 
 Conducting this research in four cities has enabled a more thorough 
investigation of the factors that might influence parking search time than would 
have been achieved had the research been undertaken in a single city. This 
might allow for consideration of potentially wider parking policy applications.  
 
 The research has applied a statistical modelling approach that has not 
previously been utilised in parking search research. Applying a multilevel 
regression model to analyse the research findings allowed for the effect of 
within-cluster and between-cluster variations on drivers’ parking search time to 
be examined. Through application of this different modelling technique a more 
detailed understanding of parking search and the significant factors that 
influence search time has been acquired. 
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 Earlier research into parking search typically comprised investigating the 
phenomenon from the perspective of individual drivers who were searching for 
parking. In this thesis, in addition to drivers’ viewpoints being ascertained by the 
conducting of a detailed on-street parking survey, a further element comprised 
the undertaking of semi-structured interviews with local authority Council 
Officers. This enabled the opinions of transport policy-makers about parking 
search to be obtained; thereby, resulting in greater understanding of parking 
search from an alternative and important perspective.  
 
10.4 Policy Recommendations 
Parking policies will develop through acquisition of increased knowledge of the 
influencing factors of parking search time by having undertaken this research and 
continuing to investigate parking search through the areas of future research that 
will be outlined later in this chapter. This enhanced understanding will inform local 
authorities’ parking policy decisions and will have implications for reducing 
environmental, economic, and safety impacts from vehicles searching for parking. 
Following further interviews that were conducted with local authority Council 
Officers, in which the findings of this research were discussed in terms of potential 
implications for future parking policy (the results from which were reported in 
Chapter 8), in addition to the results obtained from the parking survey and 
subsequent statistical modelling of the data, the following policies would be 
recommended. 
 Robust data collection within each of the cities on the occurrence of on-street 
parking search, length of search time undertaken, and locations in which 
searching for an on-street parking space is most prevalent, is a priority. This 
could be undertaken by employing Enumerators within local authority 
councils to conduct on-street parking surveys in selected streets across each 
city for a specified period on an annual basis. Surveys could be conducted at 
different times of day and at various defined times throughout each year to 
obtain data that would take into account temporal and seasonal fluctuations 
in parking demand and hence in search times. It was apparent from the 
interviews conducted with local authority Council Officers that data had not 
been collected on parking search activity. Obtaining accurate data on 
parking search is crucial to establishing an evidence base from which future 
parking policy implementation could be supported.  
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 Following on from initial data collection, a formalised parking search 
monitoring process should be introduced on an annual basis in each city, in 
order that changes over time to parking search activity (for instance, length 
of search time and locations where this occurs) can be effectively recorded 
and monitored. City Council Enumerators would have responsibility for 
undertaking collection of parking search data as outlined above. The results 
of which would be subsequently analysed and monitored by senior Council 
Officers who have responsibility for transport and parking policy in each local 
government authority. Policies that had been implemented following data 
collection in order to reduce parking search activity would subsequently be 
evaluated for effectiveness and associated adjustments made where 
necessary. 
 
 Both the data collection and monitoring procedures should be incorporated 
into the local authority annual (or biennial) transport surveys, in order to 
ensure parking search receives due prominence and is consistently 
surveyed and monitored over time. This will enable changes to be 
highlighted in: the number of vehicles searching for parking; the length of 
time for which drivers undertake to search; and the locations at which longer 
searches most typically occur.  
 
 Important areas that had been indicated in the parking survey and revealed 
through the modelling analysis as having experienced localised higher 
search times comprised parking places that were located around hospitals, 
universities, train stations and residential areas. These area types had been 
subjected to increased demand from individuals who had parked in these 
areas for the purpose of commuting (either to work within the city or 
comprising part of a longer journey that involved taking a train for the 
remainder), employment within the hospital or university, or for education 
purposes (at the university). Thus, a policy recommendation might be to 
increase supply of on-street parking spaces in area types that are typically 
frequented by commuters. However, this policy could reasonably give rise to 
greater demand and thereby result in even longer search times. An 
alternative policy, therefore, would be to extend a controlled parking zone 
that operates within a city core to encompass outer areas frequented by 
commuters. Tariffs and times of operation could be set at a level to enable 
parking to be supplied that caters for long duration occupancy, without 
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encouraging higher demand of a level that typically occurs when parking is 
provided on a ‘no fee’ and/or ‘unlimited time’ basis.   
 
 In order to encourage drivers to arrive at on-street parking places during 
earlier times when lower search times were indicated in the survey and data 
analysis (before 09:00 and, especially, before 08:00), adjust the pricing 
levels to offer more favourable tariffs to individuals who arrive early (before a 
specified time). This is a policy that has already been successfully adopted 
across specified off-street parking facilities. Implementing a similar scheme 
across named on-street parking places would enable dispersion of parking 
times at on-street bays across a wider period, resulting in a smoothing out of 
parking peaks. A caveat to the introduction of this policy is that the level of 
parking demand would require monitoring, since implementing a cheaper 
parking tariff might attract more drivers at this time; hence creating more 
demand for parking places and leading to increased search time.  
 
 Given the finding from the survey and model analysis of increased search 
time when parking charges were applied, as compared to when no fee was 
charged, a recommendation might be to reduce the level of parking tariffs, 
particularly for the highest charges. However, such a policy would need to be 
considered alongside the need of local authorities to be able to pay for 
parking maintenance and enforcement, since introduction of this policy could 
conceivably lead to a reduction in revenue raised. The upside of introducing 
a policy such as this might be that offering parking at a lower rate, in addition 
to being perceived favourably by the general public, would stimulate more 
drivers to travel to the cities and thereby giving a boost to local businesses 
and the economy. 
 
 Discussion with Council Officers highlighted the importance of maximising 
utilisation of existing on-street parking spaces by promoting shared usage, 
such as permitting different user groups to access parking bays at various 
day-time and evening periods. An example of this is a scheme that had been 
introduced in a limited number of on-street parking areas in Leicester, 
whereby on-street parking places were shared by residents and non-
residents using a combined approach of permits allocated to residents and 
tariffs charged for non-residents. This enabled on-street parking that would 
otherwise have remained partially utilised during daytimes, when residents 
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had departed for work, to be fully occupied by allowing non-residents who 
had travelled to the city for trip purposes such as shopping or entertainment 
to pay to park in the spaces. An important element of maximising parking 
space utilisation is the communication of parking availability to drivers 
entering the cities, through improved signage and real-time information about 
parking space location and vacancies.  
 
 The literature on parking research (as has been reviewed in Chapter 2) and 
discussion with Council Officers have indicated the importance of 
investigating and evaluating new technological applications for parking, 
within future policy discussions, by which time the cost of installation of 
schemes involving new technology may have reduced to a more cost 
effective level. Such developments may comprise parking bay sensors that 
enable drivers to locate, reserve, and pay for a parking space in advance of 
arrival at a destination. Implementing such a scheme would remove the need 
to search for parking and hence would have the potential to considerably 
reduce search times in urban areas.  
 
10.5 Research Limitations 
Parking search is a challenging area of research due to the presence of many 
unknown factors that potentially influence drivers’ parking search time and the 
subjective nature of responses to survey questions that require drivers to provide 
estimated figures of the length of search time (in minutes) in addition to other time-
related factors (such as walking time from a parking place to a destination or trip 
time from an origin to a parking place). While considerable effort was made to 
minimise issues within this research, limitations that have been identified within the 
on-street parking survey have been outlined below. 
 Additional factors that influenced parking search time may have existed but were 
omitted from the survey (and not subjected to statistical modelling analysis) due 
to the challenge of measuring such factors by applying a face to face survey 
method. An example of such a factor would be an individual’s personal value of 
time (VOT), which might have affected how long drivers would have been willing 
to spend searching for a parking space but would have encountered difficulty for 
individuals in responding accurately to such a question. Hence the list of factors 
included in the survey and in the model is not considered to be completely 
exhaustive of all potential influencing factors of parking search time. 
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 A sampling bias might have existed in that the sample of drivers, in terms of 
individuals who were approached and asked if they would be willing to take part 
in the survey, might not have been completely representative of all individuals 
who used on-street parking. Hence, the representativeness of the sample might 
have been distorted since some members of the population (or sampling frame) 
had little chance of being selected for inclusion in the sample. The reasons for 
this were: 
o Not all drivers who used on-street parking in the four cities were likely to 
be equally available at the time at which the survey was being 
conducted; 
o Not all drivers would have parked at the on-street parking places in the 
streets in which the survey was being conducted. This led to the non-
deliberate exclusion of drivers who may have used on-street parking in 
other streets that were not involved in the survey, or in streets that were 
included in the survey at times other than when the interviewer was 
present; 
o A decision about which driver to approach might have been influenced by 
personal judgements of the interviewer about how approachable or 
cooperative the individual concerned was likely to be and by personal 
level of comfort about interviewing drivers of the same (or opposite) sex, 
and the same (or different) ethnicity or age, for example. Although this 
issue did not arise for the majority of the interviews that took place, it is 
possible that this might have been a factor when the Enumerators 
conducted the surveys. 
 
 Although a sample was selected according to who was parking in on-street 
spaces as the survey was being undertaken, an issue arose when several 
drivers arrived on a street simultaneously. This created a situation whereby a 
choice had to be made by the interviewer about which driver to initially 
approach. This might have led to a sampling bias, according to implicit criteria 
for inclusion in the survey (Bryman, 2012) which would have been characterised 
by interviewers having selected a driver who fell within a category wherein fewer 
individuals had previously been approached (for instance in certain categories 
within the ‘age’ variable). This meant that drivers whom did not fall within the 
specified criteria had little or no chance of selection; hence the sample was not 
totally representative. A decision on whom to approach, given a choice between 
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a few drivers who were acknowledged as meeting the survey criteria, was likely 
to have been based on which individual the interviewer thought looked to be 
approachable and potentially to have been the most likely to have been willing to 
participate.  
 
 A further limitation of the survey was that inaccurate information might have 
been given by respondents to the interviewer. This might have occurred 
deliberately (for example, a driver stating inaccurate information about income or 
age) or mistakenly, for instance the figure given regarding the number of 
minutes of search time undertaken. Since the survey relied upon individuals’ 
accurately recalling information, for example, the length of time it took to travel 
from origin to a parking place, the responses given may have been susceptible 
to inaccuracy or non-sampling error (Bryman, 2012). Non-sampling errors in 
recording information within the survey existed. Errors appeared to have mostly 
been found in the recording of postcodes and vehicle registration numbers; with 
some of the recorded details having subsequently been found to have been 
invalid. Such errors might have occurred through the interviewer mishearing the 
respondents’ answers, or through incorrectly recording the information when 
conducting the survey or later during the inputting of the data into the database 
prior to analysis. A further non-sampling error existed in the case of individuals’ 
non-response, when members of the sample declined to participate in the 
survey or could not supply the data (due to language difficulties, for instance). 
The figures for non-response by each city have been outlined in Chapter 6. Non-
response drivers may have possessed similar characteristics which were distinct 
from those who agreed to take part. Some of the differences between the groups 
may be important to the research questions. 
 
 Although the majority of the on-street parking surveys were conducted by the 
same interviewer across four cities, a small number were undertaken by 
Enumerators, as has been described in Chapter 4. Although the Enumerators 
received prior instruction on survey technique, in terms of asking survey 
questions using the exact wording written and in the same order in which the 
questions appeared, the Enumerators would not have been as familiar with the 
questions (especially for the first few surveys undertaken) and hence may have 
emphasised different words within each question or used a different vocal tone. 
In addition, the Enumerators may have prompted the respondents, when 
required, using different words each time. The prompts may have influenced the 
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respondents to answer in ways that they thought were more socially desirable 
(Bryman, 2012) or that they believed the interviewer (in this case, the 
Enumerator) wanted to hear. On a similar issue, it is not known how much 
information was told to respondents about the purpose of the interview before 
the survey commenced. While having been asked (by the researcher) to read 
out word-for-word a pre-prepared paragraph prior to commencement of the 
survey, it was possible that the wording read out to different respondents might 
have been altered by the Enumerators, which again might have affected the 
survey responses, with respondents having decided to respond according to 
how they perceived they ought to have answered. 
 
 A difficulty might have arisen within the survey over respondents’ definition of 
‘search time’; with drivers having defined the concept in ways that led to different 
meanings of search time between various respondents and/or from that of the 
interviewer (Bryman, 2012). For instance, individuals might have thought of 
search time commencing at the moment when a destination was reached; 
however ‘destination’ might have been interpreted variously by each individual; 
such as upon reaching the edge of a city, driving within a certain area, or being 
present on a particular street. How each driver interpreted ‘search time’ would 
have widely affected the responses given. A similar challenge might have arisen 
with the question concerning driver income. In addition to having received 157 
non-responses for this question, individuals who chose to respond may have 
selected to over- or under-inflate the figure given. Furthermore, some 
respondents who had tried to answer truthfully might have given a figure for a 
combined household income while others would have stated a personal income 
amount. Hence, there was wide variation and potentially many inaccuracies in 
responses to this question. If respondents requested clarification of the question, 
a figure of personal annual income that included all aspects of earnings (not 
solely that earned as a salary through employment) was asked for. However, 
many respondents did not request clarification. Furthermore, if clarification was 
requested from the Enumerators, it might have been that respondents were 
asked for combined household income, which again would have increased the 
inaccuracy of the results for this particular variable. 
 
 This thesis focused solely on individuals who were undertaking on-street parking 
search. Due to time constraints, this resulted in parking surveys being conducted 
only at locations that provided on-street parking spaces. A limitation to this 
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research, therefore, was that drivers who may have initially commenced 
searching for an on-street parking space, before abandoning the search and 
making a decision to park within an alternative off-street car park, would not 
have been captured in the surveys. Thus, there might be a number of individuals 
who had searched for a parking space and whom are not represented within this 
dataset. 
 
 A logistical challenge comprised the highway characteristics possessed by some 
on-street parking that had been selected to be included within the survey. For 
instance, Lower High Street in the city of Lincoln contained parking bays that 
provided between three and six spaces per marked bay. However, these bays 
had been installed on both sides of the carriageway along a highway totalling 
approximately one mile in length. This created a challenge for the interviewer in 
reaching drivers in a quick enough time to request survey completion prior to 
individuals having parked and departed from vehicles. The challenge arose from 
the distance between parking bays and the busy nature of the road, which made 
crossing the traffic flow in order to reach bays on the opposite carriageway 
difficult. This resulted in a lower response rate for Lower High Street than in 
other parking areas in the cities that were able to provide a greater number of 
on-street parking spaces in close proximity. A further operational difficulty 
existed when undertaking a paper-based survey in extremely wet weather 
conditions, due to the paper becoming saturated whilst writing the respondents’ 
answers; this created a considerable challenge in recording the responses. 
Heavy rain additionally led to less willingness on the part of drivers to stand 
outside in order to complete a survey, due to a reluctance to become rain-
soaked. Thus, it was difficult to obtain a large sample in heavy rain conditions; 
as compared to drier weather conditions within which drivers showed more 
willingness to participate. 
 
 A final limitation of this research was that it was not possible to calculate the 
quantitative impact of vehicles searching for parking in terms of vehicle miles 
travelled (VMT) and CO2 emissions within the cities of Derby, Leicester, Lincoln, 
and Nottingham. This was due to a lack of data being available from the local 
government authorities (City and County Councils) within the case study area, 
for the total number of trips made into each city on a daily basis by individuals 
with various trip purposes between the hours of 07:00 and 19:00.  
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10.6 Areas of Future Research 
Parking search research would be enhanced by the undertaking of a much larger-
scale national study in the UK that encompassed urban areas of various sizes, 
ranging from market towns through to cities and large conurbations. Ideally, 
research examining parking search would additionally include drivers who had 
utilised off-street parking facilities, in order to investigate those individuals who had 
initially searched for an on-street parking space but had subsequently chosen to 
abandon their search and instead to park off-street. A larger scale national study 
that encompassed drivers within off-street parking facilities would greatly extend the 
knowledge and understanding of significant factors that potentially influence parking 
search time. 
An important area of research is concerned with new technological developments 
that have the potential to significantly influence the amount of search time engaged 
in by drivers. Research in this area would quantify the impact on parking search time 
of traveller parking information systems such as Internet websites and smartphone 
applications that assist drivers in locating, reserving and paying for vacant parking 
spaces in advance of arrival at a destination. Urban areas in which local authorities 
have chosen to install such measures have the potential to see significantly reduced 
search times; research is needed to quantify the impact on search time that such 
technological advances might have. 
A further area of research would be to conduct focus groups with a selected 
representative sample of drivers in each of the four cities. The focus groups would 
be timed to follow completion of the on-street parking surveys; thereby enabling 
useful discussion to be undertaken with individuals who utilised on-street parking. 
This would provide explanation and clarification of the quantitative survey results 
and give important validation to the thesis findings. 
Given the environmental, economic and safety impacts of parking search that had 
been earlier identified in the literature, quantification of such impacts in the following 
areas would provide further areas of research: 
 Environmental: to calculate vehicle miles travelled (VMT) by drivers while 
undertaking searching for parking and an associated level of CO2 emissions. 
This could be compared with total VMT and CO2 emissions for an entire trip and 
would enable quantification of the impact of the parking search element against 
the whole trip impact. 
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 Economic: to calculate an estimate of time delays and associated costs to a 
country’s economy created by parking search. This would incorporate costs both 
for drivers who were undertaking the process of searching for parking and for 
drivers who experienced delays arising from searching vehicles, for example 
due to increased congestion and lower traffic speeds. 
 
 Road traffic collisions/road safety: to examine the impact of parking search on 
collision rates that resulted from lower vehicle speeds and vehicles manoeuvring 
into and out of on-street parking spaces. 
Further important areas of research investigating on-street parking search in terms 
of data collection methodological and statistical modelling approaches might focus 
on the following aspects. 
 Conducting a combined revealed and stated preference on-street parking 
survey. A combined survey approach would offer wider insights into drivers’ 
parking search decisions through the collecting of data representing actual and 
future behaviour, based upon individuals’ responses to hypothetical search 
scenarios encompassing various influencing factors. By applying a stated 
preference approach to understanding search decisions, the contribution of each 
specific influencing factor would be identified and quantified. Furthermore, 
forecasting would be possible of the impact that changing the values of 
influencing factors would have on likelihood of parking search. As a result, this 
approach might more fully inform future parking policy decisions. 
 
 Applying multilevel modelling analysis to parking search among different driver 
segments, for instance, by classifying individuals into socio-economic groups or 
according to drivers’ trip purpose. Extensive statistical comparisons would be 
performed across different factors, thereby increasing the knowledge base about 
parking search and the significance of various influencing factors on search 
time.  
 
 
 
 
  
   
 
247 
 
 
Aarts,H., Verplanken,B. and van Knippenberg,A., 1997, Habit and information use in 
travel mode choices, Acta Psychologica 96, 1-14   
Anastasiadou,M., Dimitriou,D.J., Fredianakis,A., Lagoudakis,E., Traxanatzi,G. and 
Tsagarakis,K.P., 2009, Determining the parking fee using the contingent valuation 
methodology, Journal of Urban Planning and Development 135(3), 116-124     
Anderson,S.P. and De Palma,A., 2004, The economics of pricing parking, Journal of 
Urban Economics 55(1), 1-20 
Arnott,R., 2014, On the optimal target curbside parking occupancy rate, Economics 
of Transportation 3(2), 133-144  
Arnott,R. and Inci,E., 2006, An integrated model of downtown parking and traffic 
congestion, Journal of Urban Economics 60(3), 418-442  
Arnott,R. and Inci,E., 2010,The stability of downtown parking and traffic congestion, 
Journal of Urban Economics 68(3), 260-276 
Arnott,R., Inci,E. and Rowse,J., 2015, Downtown curbside parking capacity, Journal 
of Urban Economics 86, 83-97 
Arnott,R. and Rowse,J., 2009, Downtown parking in auto city, Regional Science and 
Urban Economics 39(1), 1-14 
Arnott,R. and Rowse,J., 2013, Curbside parking time limits, Transportation 
Research Part A: Policy and Practice 55(C), 89-110  
Axhausen,K.W. and Polak,J.W., 1989, The role of parking search strategies in 
understanding parking behaviour, Transport Studies Unit, Oxford University, Oxford, 
UK  
Axhausen,K.W. and Polak,J.W., 1991, Choice of parking: Stated preference 
approach, Transportation 18(1), 59-81   
Axhausen,K.W., Polak,J.W., Boltze,M. and Puzicha,J., 1994, Effectiveness of the 
parking guidance system in Frankfurt/Main, Traffic Engineering and Control 35(5), 
304-309  
   
 
248 
 
Bagloee,S.A. and Asadi,M., 2013, A Parking Planning Model: Logit-Based 
Mathematical Programming Method Subject to Parking Capacity and Parking 
Rationing, Transportation Research Board 92nd Annual Meeting, Washington, D.C., 
USA   
Balijepalli,N.C., Shepherd,S.P. and May,A.D., 2008, Modelling the Choice of Car 
Parks in Urban Areas and Managing the Demand for Parking, Transportation 
Research Board 87th Annual Meeting, Washington, D.C., USA 
Balijepalli,N.C., Shepherd,S.P. and Kant,P., 2009, Integrating Car Park Location 
Choice with Equilibrium Assignment, Transportation Research Board 88th Annual 
Meeting, Washington, D.C., USA 
Barata,E., Cruz,L. and Ferreira,J.P., 2011, Parking at the UC campus: Problems 
and solutions, Cities 28(5), 406-413  
Barter,P.A., 2012, Off-street parking policy surprises in Asian cities, Cities 29(1), 23-
31 
Barter,P.A., 2014, A parking policy typology for clearer thinking on parking reform, 
International Journal of Urban Sciences, 1-21, doi:10.1080/12265934.2014.927740   
Barth,M. and Boriboonsomsin,K., 2008, Real-World CO2 Impacts of Traffic 
Congestion. Accessed from https://escholarship.org/uc/item/4fx9g4gn  
Barth,M. and Boriboonsomsin,K., 2009, Traffic Congestion and Greenhouse Gases, 
ACCESS newsletter 35. Accessed from https://escholarship.org/uc/item/3vz7t3db  
Bates,J.,1988, Econometric Issues in Stated-Preference Analysis, Journal of 
Transport Economics and Policy 22(1), 59-69    
Bates,J.J. and Bradley,M.A., 1986, The CLAMP parking policy analysis model, 
Traffic Engineering and Control 27(7/8), 410-411 
Bates,J. and Leibling,D., 2012, Spaced Out: Perspectives on parking policy, RAC 
Foundation, London, UK  
Ben-Akiva,M. and Lerman,S.R., 1993, Discrete Choice Analysis: Theory and 
Application to Travel Demand, The MIT Press, Cambridge, Massachusetts, USA 
Benenson,I., Martens,K. and Birfir,S., 2008, PARKAGENT: An agent-based model 
of parking in the city, Computers, Environment and Urban Systems, 32(6), 431-439                             
   
 
249 
 
Bifulco,G.N., 1993, A stochastic user equilibrium assignment model for the 
evaluation of parking policies, European Journal of Operational Research 71(2), 
269-287                         
Bonsall,P. and Palmer,I., 2004, Modelling drivers’ car parking behaviour using data 
from a travel choice simulator, Transportation Research Part C: Emerging 
Technologies 12(5), 321-347  
Bonsall,P. and Young,W., 2010, Is there a case for replacing parking charges by 
road user charges? Transport Policy 17(5), 323-334 
Bradley,M., Goodwin,P.B., Layzell,A. and Bates,J. ,1986, CLAMP: A Model to 
Simulate Parking Behaviour in Town Centres, Paper presented to 18th UTSG 
Conference, Loughborough University, UK 
Bradley,M. and Layzell,A., 1986, Parking Behaviour in a Suburban Town Centre: An 
Analysis of Town Surveys in Kingston upon Thames, Report No. 354, Transport 
Studies Unit, Oxford University, Oxford, UK 
British Parking Association, 2013, The size and shape of the UK parking profession, 
British Parking Association, West Sussex, UK  
Brooke,S.L., Ison,S.G. and Quddus,M.A., 2014, On-Street Parking Search: Review 
and Future Research Direction, Transportation Research Record, Journal of the 
Transportation Research Board, No.2469, Washington, D.C., USA 
Bryman,A., 2012, Social Research Methods, 4th Ed., Oxford University Press, 
Oxford, UK 
Budd,L., Ison,S. and Budd,T., 2013, An empirical examination of the growing 
phenomenon of off-site residential car parking provision: The situation at UK 
airports, Transportation Research Part A: Policy and Practice 54, 26-34 
Burchell,J., Ison,S.G. and Enoch,M.P., 2014, Managing congestion: Evaluating the 
Nottingham Workplace Parking Levy, Transportation Research Board (2014) Annual 
Meeting, Washington,D.C., USA 
Bustillos,B.I., Shelton,J. and Chiu,Y.C., 2011, Urban university campus 
transportation and parking planning through a dynamic traffic simulation and 
assignment approach, Transportation Planning and Technology 34(2), 177-197 
   
 
250 
 
Butler,E., 2012, Public Choice - A Primer, The Institute of Economic Affairs, London, 
UK          
Caicedo,F., 2009, The use of space availability information in ‘PARC’ systems to 
reduce search times in parking facilities, Transportation Research Part C: Emerging 
Technologies 17(1), 56-68 
Caicedo,F., 2010, Real-time parking information management to reduce search 
time, vehicle displacement and emissions, Transportation Research Part D: 
Transport and Environment 15(4), 228-234 
Caicedo,F., Robuste,F. and Lopez-Pita,A., 2006, Parking management and 
modeling of car park patron behavior in underground facilities, Transportation 
Research Record, Journal of the Transportation Research Board, Washington, D.C., 
USA                     Calthrop,E., 2002, Evaluating on-street parking policy, Center for Economic Studies; Energy, Transport & Environment, Working Paper Series, No. 2002-03 
Calthrop,E., 2002, Evaluating on-street parking policy, Center for Economic Studies; 
Energy, Transport & Environment, Working Paper Series, No. 2002-03 
Calthrop,E. and Proost,S., 2006, Regulating on-street parking, Regional Science 
and Urban Economics 36(1), 29-48    
Calthrop,E., Proost,S. and van Dender,K., 2000, Parking policies and road pricing, 
Urban Studies 37(1),63-76              
Chalermpong,S. and Kittiwangchai,K. , 2008, Effects of Parking Policy on Travel 
Demand in Bangkok’s Commercial District, Transportation Research Board 87th 
Annual Meeting, Washington, D.C., USA          
Chatman,D.G. and Manville,M., 2014 Theory versus implementation in congestion-
priced parking: An evaluation of SFpark, 2011-2012, Research in Transportation 
Economics, http://dx.doi.org/10.1016/j.retrec.2014.04.005.   
Chatterjee,K. and Mcdonald,M., 2004, Effectiveness of using variable message 
signs to disseminate dynamic traffic information: Evidence from field trails in 
European cities, Transport Reviews 24(5), 559-585  
Chou,S.Y., Lin,S.W. and Li,C.C., 2008, Dynamic parking negotiation and guidance 
using an agent-based platform, Expert Systems with Applications 35(3), 805-817 
   
 
251 
 
Clayton,W., Ben-Elia,E., Parkhurst,G. and Ricci,M., 2014, Where to park? A 
behavioural comparison of bus Park and Ride and city centre car park usage in 
Bath, UK, Journal of Transport Geography 36, 124-133  
Clinch,J.P. and Kelly,J.A., 2004, The Influence of Parking Pricing on Purpose of Visit ,              
Working Papers, Planning and Environmental Policy Research Series, University 
College Dublin, Ireland   
Collis,J. and Hussey,R., 2009, Business Research: A Practical Guide for 
Undergraduate & Postgraduate Students, 3rd Ed., Palgrave Macmillan, Hampshire, 
UK 
Cools,M., van der Waerden,P.J.H.J. and Janssens,D., 2013, Investigation of the 
Determinants of Travellers' Mental Knowledge of Public Parking Facilities, 
Transportation Research Board 92nd Annual Meeting, Washington, D.C., USA                  Coppola,P., 2002, A joint model of mode/parking choice with elastic parking demand, Transportation Planning 64, 85-104, Kluwer Academic Publishers, Netherlands  
Coppola,P., 2002, A joint model of mode/parking choice with elastic parking 
demand, Transportation Planning 64, 85-104, Kluwer Academic Publishers, 
Netherlands 
Creswell,J.W., 2009, Research Design: Qualitative, Quantitative, and Mixed 
Methods Approaches, 3rd Ed., Sage Publications, Inc., Los Angeles, USA  
Creswell,J.W. and Plano-Clark,V.L., 2007, Designing and conducting mixed 
methods research, Sage Publications, Inc., California, USA 
Dell'Orco,M., Ottomanelli,M. and Sassanelli,D., 2003, Modelling uncertainty in 
parking choice behaviour, Proceedings of the 82nd Annual Meeting of the 
Transportation Research Board, Washington, D.C., USA                      Department for Transport, 2003, Parking Guidance and Information, Department for Transport , UK  
Department for Transport, 2003, Parking Guidance and Information, Department for 
Transport, UK 
Derbyshire Observatory. Accessed [online]   http://observatory.derbyshire.gov.uk/ 
IAS/Custom/Resources/Census/Profiles_2011/summary_profile/Local_Authority/201
1_Census_Summary_Profile_LA_Derby.pdf 
Dewey,J., 1925, Experience and nature, Kessinger, Massachusetts, USA. In. Feilzer 
(2010) Journal of Mixed Methods Research 4(1), 6-16 
Dirickx,Y.M.I. and Jennergren,L.P., 1975, An analysis of the parking situation in the 
downtown area of West Berlin, Transportation Research 9(1), 1-11  
   
 
252 
 
Engel-Yan,J. and Passmore,D., 2013, Carsharing and Car Ownership at the 
Building Scale: Examining the Potential for Flexible Parking Requirements, Journal 
of the American Planning Association 79(1), 82-91 
Enoch,M., 2014, Categorising car parking spaces and policies, Traffic Engineering & 
Control 55(1), 37-39 
Enoch,M.P. and Ison,S.G., 2004, Limiting car use through controls on private 
parking providers: a study of worldwide policy options, Paper 456, H10 Urban 
Transport Policy, World Conference on Transportation Research, Istanbul, Turkey 
Enoch,M.P. and Ison,S.G., 2005, Levying charges on private parking: lessons from 
existing practice, World Transport Policy & Practice 12(1), 5-14  
Ergun,G. Development of a Downtown Parking Model, 1971, Highway Research 
Record 369, 118-134  
Feeney,B.P., 1989, A review of the impact of parking policy measures on travel 
demand, Transportation Planning and Technology 13(4), 229-244  
Feilzer,M.Y., 2010, Doing Mixed Methods Research Pragmatically: Implications for 
the Rediscovery of Pragmatism as a Research Paradigm, Journal of Mixed Methods 
Research 4(1), 6-16  
Field,A., 2009, Discovering Statistics Using SPSS, 3rd Ed., Sage Publications, Ltd., 
London, UK 
Fielding,A. and Goldstein,H., 2006, Cross-classified and Multiple Membership 
Structures in Multilevel Models: An Introduction and Review, Research Report 
RR791, Department for Education and Skills, DfES Publications, Nottingham, UK 
Fletcher,D., 1995, A five-year study of effects of fines, gender, race, and age on 
illegal parking in spaces reserved for people with disabilities, Rehabilitation 
psychology 40(3), 203  
Fosgerau,M. and De Palma,A., 2013, The dynamics of urban traffic congestion and 
the price of parking, Journal of Public Economics, doi: 10.1016/j.jpubeco. 
2013.06.008   
Frost,M. and Ison,S., 2009, Implementation of Workplace Parking Levy: Lessons 
from the United Kingdom, Transportation Research Board 88th Annual Meeting, 
Washington, D.C., USA   
   
 
253 
 
Gallo,M., D'Acierno,L. and Montella,B., 2011, A multilayer model to simulate cruising 
for parking in urban areas, Transport Policy 18(5), 735-744  
Garson,G.D., 2013, Fundamentals of Hierarchical Linear and Multilevel Modeling, 
In. Garson,G.D., 2013, Hierarchical Linear Modeling: Guide and Applications, Sage 
Publications, Inc., USA 
Gillen,D.W., 1977a, Estimation and specification of the effects of parking costs on 
urban transport mode choice, Journal of Urban Economics 4(2), 186-199 
Gillen,D.W., 1977b, Alternative policy variables to influence urban transport 
demand, The Canadian Journal of Economics 10(4), 686-695 
Gillen,D.W., 1978, Parking policy, parking location decisions and the distribution of 
congestion, Transportation 7(1), 69-85 
Glazer,A. and Niskanen,E., 1992, Parking fees and congestion, Regional Science 
and Urban Economics 22(1), 123-132 
Golias,J., Yannis,G. and Harvatis,M., 2002, Off-street parking choice sensitivity, 
Transportation Planning and Technology 25(4), 333-348      
Greene, J.C. and Caracelli, V.J., 1997, Defining and Describing the Paradigm Issue 
in Mixed-Method Evaluation, New Directions for Evaluation 74, 5-17 
Guan,H., Sun,X., Liu,X. and Liu,L., 2005, Modeling Parking Behavior for Better 
Control and Pricing: A Case Study from One of the Busiest Retail Shopping Areas in 
Beijing, China, Proceedings of the 84th Annual Meeting of the Transportation 
Research Board (TRB), Washington, D.C., USA 
Gujarati,D.N. and Porter,D.C., 2009, Basic Econometrics, 5th Ed., McGraw-Hill, New 
York, USA  
Guo,Z., 2013a, Does residential parking supply affect household car ownership? 
The case of New York City, Journal of Transport Geography 26, 18-28   
Guo,Z., 2013b, Residential Street Parking and Car Ownership: A Study of 
Households With Off-Street Parking in the New York City Region, Journal of the 
American Planning Association 79(1), 32-48 
   
 
254 
 
Guo,Z. and McDonnell,S., 2013, Curb parking pricing for local residents: An 
exploration in New York City based on willingness to pay, Transport Policy 30, 186-
198 
Gur,Y.J. and Beimborn,E.A., 1984, Analysis of Parking in Urban Centers: 
Equilibrium Assignment Approach, Transportation Research Record, Transportation 
Research Board, Washington, D.C., USA         
Hanson,B., 2008, Wither qualitative/quantitative? Grounds for methodological 
convergence, Quality & Quantity 42, 97-111 
Harmatuck,D.J., 2006, Revealed Parking Choices and the Value of Time, 
Transportation Research Board (2007) Annual Meeting, Washington, D.C., USA   
Heck,R.H. and Thomas,S.L., 2009, An introduction to multilevel modelling 
techniques, 2nd Ed., Routledge, New York, USA 
Hensher,D.A. and Johnson, L.W., 1981, Applied Discrete-Choice Modelling, Croom 
Helm Ltd., London, UK 
Hensher,D.A. and King,J., 2001, Parking demand and responsiveness to supply, 
pricing and location in the Sydney central business district, Transportation Research 
Part A: Policy and Practice 35(3), 177-196 
Hensher,D.A., Rose,J.M. and Greene,W.H., 2005, Applied Choice Analysis: A 
Primer, Cambridge University Press, Cambridge, UK  
Hess,S. and Polak,J.W., 2004, Mixed Logit estimation of parking type choice, 83rd 
Annual Meeting of the Transportation Research Board, Washington, D.C., USA 
Hole,A.R., 2004, Forecasting the demand for an employee Park and Ride service 
using commuters' stated choices, Transport Policy 11(4), 355-362  
Horni,A., Montini,L., Waraich,R.A. and Axhausen,K.W., 2012, An agent-based 
cellular automaton cruising-for-parking simulation, Transportation Letters  5(4), 167-
175  
Hounsell,N.B., Chatterjee,K., Bonsall,P.W. and Firmin,P.E., 1998, Variable message 
signs in London: evaluation in CLEOPATRA,  Road Transport Information and 
Control 454, 217-221 
   
 
255 
 
Hunt,J.D. and Teply,S., 1993, A nested logit model of parking location choice, 
Transportation Research Part B: Methodological  27(4), 253-265 
Ison,S.G., 2014, Parking Management Policy: Its potential in improving urban traffic 
flows, European Automobile Manufacturers Association (ACEA), Brussels, Belgium 
Ison,S.G. and Mulley,C., 2014, Introduction. In. Ison,S. and Mulley,C., 2014, 
Parking: Issues and Policies, Transport and Sustainability, Emerald Group 
Publishing Ltd., Bingley, UK 
Ison,S.G. and Rye,T., 2008, TDM measures and their implementation. In Ison,S.G. 
and Rye,T. (Eds.), 2008, The implementation and effectiveness of transport demand 
management measures: An international perspective, Ashgate Publishing Ltd., 
Aldershot, UK 
Ji,Y., Deng,W., Wang,W. and Liu,G., 2007, Two-phased Parking Choice Model for 
Pre-trip Parking Guidance System, Transportation Research Board 86th Annual 
Meeting, Washington D.C., USA      
Ji,Y., Guo,W., Blythe,P., Tang,D. and Wang,W., 2014, Understanding drivers’ 
perspective on parking guidance information, Intelligent Transport Systems 8(4), 
398-406  
Joffe,H. and Yardley,L., 2004, Content and Thematic Analysis. In. Marks,D.F. and 
Yardley,L., 2004, Research Methods for Clinical and Health Psychology, SAGE 
Publications, Ltd., London, UK  
Kaplan,S. and Bekhor,S., 2011, Exploring en-route parking type and parking-search 
route choice: decision making framework and survey design, Proceedings of the 2nd 
International Choice Modelling Conference, Danish National Research Database   
Kelly,J.A. and Clinch,J.P., 2006, Influence of varied parking tariffs on parking 
occupancy levels by trip purpose, Transport Policy 13(6), 487-495 
Kelly,J.A. and Clinch,J.P., 2009, Temporal variance of revealed preference on-street 
parking price elasticity, Transport Policy 16(4), 193-199 
Khattak,A.J. and De Palma,A., 1997, The impact of adverse weather conditions on 
the propensity to change travel decisions: a survey of Brussels commuters, 
Transportation Research Part A: Policy and Practice 31(3), 181-203   
   
 
256 
 
Khattak,A. and Polak,J.W., 1993, Effect of parking information on travelers' 
knowledge and behaviour, Transportation  20(4), 373-393 
King,D., 2010, Estimating Environmental and Congestion Effects from Cruising for 
Parking, Transportation Research Board 89th Annual Meeting, Washington, D.C., 
USA    
Kobus,M., Puigarnau,E.G., Rietveld,P. and Van Ommeren,J.N., 2012, The On-
Street Parking Premium and Car Drivers' Choice between Street and Garage 
Parking, Regional Science and Urban Economics 43(2), 395-403      
Kreft,I.G.G. and De Leeuw,J., 1998, Introducing multilevel modelling, Sage 
Publications, London 
Krejcie,R.V. and Morgan,D.W.,1970. In. Collis,J. and Hussey,R., 2009, Business 
Research: A Practical Guide for Undergraduate & Postgraduate Students, 3rd Ed., 
Palgrave Macmillan, Hampshire, UK 
Kuhn,T.S., 1962, The structure of scientific revolutions, 1st Ed., University of 
Chicago Press, Chicago, USA 
Kuppam,A.R., Pendyala,R.M. and Gollakoti,M.A.V., 1998, Stated Response 
Analysis of the Effectiveness of Parking Pricing Strategies for Transportation 
Control, Transportation Research Record 1649, 39-46   
Lam,W.C.H., Fung,R.Y.C., Wong,S.C. and Tong,C.O., 1998, The Hong Kong 
parking demand study, Proceedings of the Institution of Civil Engineers 129(4), 218-
227    
Lam,W.H.K., Li,Z.C., Huang,H.J. and Wong,S.C., 2006a, Modeling time-dependent 
travel choice problems in road networks with multiple user classes and multiple 
parking facilities, Transportation Research Part B: Methodological 40(5), 368-395 
Lam,W.H.K., Li,Z.C., Huang,H.J. and Wong,S.C., 2006b, Optimization of time-
varying parking charges and parking supplies in networks with multiple user classes 
and various parking facilities, Transportation Research Board (2006) Annual 
Meeting, Washington, D.C., USA  
Lambe,T.A., 1969, The Choice of Parking Location by Workers in the Central 
Business District, Traffic Quarterly 23(3), 397-411   
   
 
257 
 
Lau,W.W.T., Poon,P.S.T., Tong,C.O. and Wong,S.C., 2005, The Hong Kong second 
parking demand study, Proceedings of the Institution of Civil Engineers 158(1), 53-
59   
Laurier,E., 2003, Searching for a parking space, Intellectica 2-3(41-42), 101-116  
Le,H.H., Yue,W.L. and Young,W., 1992, Estimating congestion in and around 
developments, Working paper, Department of Civil Engineering, Monash University, 
Australia 
Leicestershire Statistics and Research. Accessed [online] http://www.lsr-
online.org/2011-leicestershire-census.html  
Leiser,D. and Stern,E., 1988, Determinants of subjective time estimates in simulated 
urban driving, Transportation Research Part A: Policy and Practice 22A(3), 175-182  
Li,F. and Guo,Z., 2014, Do parking standards matter? Evaluating the London 
parking reform with a matched-pair approach Transportation Research Part A: 
Policy and Practice 67, 352-365   
Li,Z.C., Lam,W.H.K. Wong,S.C. Huang,H.J. and Zhu,D.L., 2008, Reliability 
evaluation for stochastic and time-dependent networks with multiple parking 
facilities, Networks and Spatial Economics  8(4), 355-381  
Lincolnshire Research Observatory. Accessed [online] http://www.research-
lincs.org.uk/Population.aspx 
Liu,Z., Deng,W. and Pan,D., 2011, Driver Response to Parking Guidance and 
Information Systems in Nanjing. Paper presented at ICCTP (2011), ASCE   
Lorenz,K., 1990, Changes in Driver Behaviour due to the Introduction of RTI 
Systems’,  Interim report on localised parking behaviour, Report from DRIVE project 
V1017, Technische Universitat, Berlin, Germany 
Manville,M., 2013, Parking Requirements and Housing Development, Journal of the 
American Planning Association 79(1), 49-66  
Manville,M., 2014, Parking pricing. In. Ison,S. and Mulley,C., 2014, Parking: Issues 
and Policies, Transport and Sustainability, Emerald Group Publishing Ltd., Bingley, 
UK  
   
 
258 
 
Manville,M. and Williams,J.A., 2012, The Price Doesn’t Matter If You Don’t Have to 
Pay Legal Exemptions and Market-Priced Parking, Journal of Planning Education 
and Research 32(3), 289-304 
Marcotte,P. and Patriksson,M., 2007, Traffic Equilibrium, p623-713. In. Barnhart,C. 
and Laporte,G. (Eds.), 2007, Handbook in OR & MS, Vol.14, doi: 10.1016/S0927-
0507(06)14010-4 
Marsden,G., 2006, The evidence base for parking policies - a review, Transport 
Policy 13(6), 447-457  
Marsden,G., 2014, Parking policy. In. Ison,S. and Mulley,C., 2014, Parking: Issues 
and Policies, Transport and Sustainability, Emerald Group Publishing Ltd., Bingley, 
UK  
Marshall,W.E., 2014, On-street parking. In. Ison,S. and Mulley,C., 2014, Parking: 
Issues and Policies, Transport and Sustainability, Emerald Group Publishing Ltd., 
Bingley, UK 
Mathew,S.S., Atif,Y., Sheng,Q.Z. and Maamar,Z., 2014, Building sustainable 
parking lots with the Web of Things, Personal and Ubiquitous Computing 18, 895-
907 
May,A.D. and Turvey,I.G., 1984, The effects of wheel clamps in Central London: 
comparison of before and after studies, Report No.184, Institute for Transport 
Studies, University of Leeds, UK 
McCahill,C.T. and Garrick,N.W., 2010, Influence of Parking Policy on Built 
Environment and Travel Behavior in Two New England Cities, 1960 to 2007, 
Transportation Research Record, Journal of the Transportation Research Board, 
Washington, D.C., USA  
McShane,M. and Meyer,M.D., 1982, Parking policy and urban goals: Linking 
strategy to needs, Transportation 11(2), 131-152 
Meek,S., Enoch,M.P. and Ison,S.G., 2010, UK local authority attitudes to Park and 
Ride, Journal of Transport Geography 18(3), 372-381 
Meek,S., Ison,S. and Enoch,M., 2009, Stakeholder perspectives on the current and 
future roles of UK bus-based Park and Ride, Journal of Transport Geography 17(6), 
468-475  
   
 
259 
 
Meek,S., Ison,S. and Enoch,M., 2011, Evaluating alternative concepts of bus-based 
park and ride, Transport Policy 18(2), 456-467 
Mei,Z., Xiang,Y., Chen,J. and Wang,W., 2010, Optimizing model of curb parking 
pricing based on parking choice behaviour, Journal of Transportation Systems 
Engineering and Information Technology 10(1), 99-104                      
Millard-Ball,A., Weinberger,R.R. and Hampshire,R.C., 2014, Is the curb 80% full or 
20% empty? Assessing the impacts of San Francisco’s parking pricing experiment, 
Transportation Research Part A: Policy and Practice 63, 76-92     
Mingardo,G., van Wee,B. and Rye,T., 2015, Urban parking policy in Europe: A 
conceptualization of past and possible future trends, Transportation Research Part 
A: Policy and Practice 74, 268-281    
Mo,Y. and Zhang,B., 2008, A Study of Parking Behavior and Parking Information 
Requirements in Shanghai CBD, 7th International Conference of Chinese 
Transportation Professionals (ICCTP)     
Nawaz,S., Efstratiou,C. and Mascolo,C., 2013, ParkSense: a smartphone based 
sensing system for on-street parking, Proceedings of the 19th Annual International 
Conference on Mobile Computing & Networking                     
Neuendorf,K.A., 2002, The Content Analysis Guidebook, Sage Publications, Inc., 
California, USA 
Nottinghamshire County Council. Accessed [online] http://www.nottinghamshire. 
gov.uk/living/business/economicdata/populationestimates/latestestimates/  
Nurul Habib,K.M., Morency,C. and Trépanier,M., 2012, Integrating parking 
behaviour in activity-based travel demand modelling: Investigation of the relationship 
between parking type choice and activity scheduling process, Transportation 
Research Part A: Policy and Practice 46(1), 154-166        
O’Dolan,C. and Rye,T., 2012, An insight into policy transfer processes within an EU 
project and implications for future project design, Transport Policy 24, 273-283 
Office for National Statistics, 2011, Census for England and Wales. Accessed 
[online] http://www.ons.gov.uk/ons/search/index.html?newquery=population  
   
 
260 
 
Ottomanelli,M., Dell'Orco,M. and Sassanelli,D., 2011, Modelling parking choice 
behaviour using Possibility Theory, Transportation Planning and Technology 34(7), 
647-667    
Parkhurst,G., 1995, Park and ride: could it lead to an increase in car traffic?, 
Transport Policy 2(1), 15-23   
Patton,M.Q., 1988,  Paradigms and Pragmatism. In. Fetterman,D.M. (Ed.), 1988, 
Qualitative Approaches to Evaluation in Education: The Silent Scientific Revolution, 
Praeger, New York, USA  
Pearson,E.S. and Hartley,H.O., (Eds.),1966, Biometrika Tables for Statisticians, 
Volume 1, 3rd Ed., Table 12, Cambridge University Press, New York, USA  
Pierce,G. and Shoup,D., 2013, Getting the Prices Right: An Evaluation of Pricing 
Parking by Demand in San Francisco, Journal of the American Planning Association 
79(1), 67-81     
Polak,J.W. and Axhausen,K.W., 1989, CLAMP: a macroscopic simulation model for 
parking policy analysis, Paper presented to the 68th Annual Meeting of the 
Transportation Research Board, Washington, D.C., USA 
Polak,J.W. and Axhausen,K.W., 1990, Parking Search Behaviour: A Review of 
Current and Future Prospects, Report No. 540, Transport Studies Unit, Oxford 
University, Oxford, UK 
Polak,J.W., Hilton,I.C. and Axhausen,K.W., 1989, A Review of Parking Guidance 
and Information Systems, Report No. 480, Transport Studies Unit, Oxford 
University, Oxford, UK       
Polak,J.W. and Vythoulkas,P., 1993, An Assessment of the State-of-the-Art in the 
Modelling of Parking Behaviour, Report No. 752, Oxford University, Oxford, UK 
Qian,Z.S. and Rajagopal,R., 2013, Optimal Parking Pricing in General Networks 
with Provision of Occupancy Information, Procedia - Social and Behavioural 
Sciences  80, 779-805 
Rabe-Hesketh,S. and Skrondal,A., 2008, Multilevel and Longitudinal Modeling Using 
Stata, 2nd Ed., A Stata Press Publication, StataCorp LP, Texas, USA 
Rasbash,J., 2008, Multilevel structures and classifications, Module 4, Centre for 
Multilevel Modelling, University of Bristol, Bristol, UK       
   
 
261 
 
Richardson,A.J., 1982, Search models and choice set generation, Transportation 
Research Part A: Policy and Practice 16(5), 403-419 
Robinson,S., 2011, Choosing the right model: conceptual modelling for simulation, 
Proceedings of the 2011 Winter Simulation Conference, 1423-1435, IEEE 
Robinson,S., 2014, Simulation: the practice of model development and use, 2nd Ed., 
Palgrave MacMillan, Basingstoke, Hampshire, UK 
Rorty,R., 1999, Philosophy and social hope, Penguin Books, London, UK 
Roth,G.J., 1965a, Paying for Parking, Hobart Paper 33, The Institute of Economic 
Affairs Ltd., London, UK  
Roth,G.J., 1965b, Parking Space for Cars: Assessing the Demand, Cambridge 
University Press, Cambridge, UK  
Rye,T., Cowan,T. and Ison,S., 2006, Expansion of a controlled parking zone (CPZ) 
and its influence on modal split: the case of Edinburgh, Transportation Planning and 
Technology 29(1), 75-89                         Rye,T. and Ison,S. , 2007, Use and Impact of Maximum Parking Standards in Scotland, Transportation Research Board 86th Annual Meeting, Washington, D.C., USA  
Rye,T., Hunton,K., Ison,S. and Kocak,N., 2008,The role of market research and 
consultation in developing parking policy, Transport Policy 15(6), 387-394 
Rye,T. and Ison,S. , 2005, Overcoming barriers to the implementation of car parking 
charges at UK workplaces, Transport Policy 12(1), 57-64  
Rye,T. and Koglin,T., 2014, Parking management .  In. Ison,S. and Mulley,C., 2014, 
Parking: Issues and Policies, Transport and Sustainability, Emerald Group 
Publishing Ltd., Bingley, UK 
Salomon,I., 1986, Towards a behavioural approach to city centre parking: The case 
of Jerusalem's CBD, Cities 3(3), 200-208  
Saltzman,R.M., 1994, Three proposals for improving short-term on-street parking, 
Socio-economic Planning Sciences 28(2), 85-100   
Sattayhatewa,P. and Smith Jr.,R.L.,2003, Development of Parking Choice Models 
for Special Events, Transportation Research Record, Transportation Research 
Board, National Research Council, Washington, D.C., USA   
   
 
262 
 
Shang,H., Lin,W. and Huang,H.J., 2007, Empirical study of parking problem on 
university campus, Journal of Transportation Systems Engineering and Information 
Technology  7(2), 135-140 
Shi,F. and Luo,D., 2009, Multi-User and Multi-Mode Mixed Traffic Assignment Model 
under the Influence of Parking Charge, Journal of Transportation Systems 
Engineering and Information Technology  9(3), 71-77  
Shiftan,Y. and Burd-Eden,R., 2000, Modeling the Response to Parking Policy, 
Transportation Research Board (2001) Annual Meeting, Washington, D.C., USA 
Shin,J-H. and Jun,H-B. 2014, A study on smart parking guidance algorithm, 
Transportation Research Part C: Emerging Technologies 44, 299-317  
Shoup,D.C., 2004, The ideal source of local public revenue, Regional Science and 
Urban Economics 34(6), 753-784  
Shoup,D., 2005, The High Cost of Free Parking, American Planning Association, 
Chicago, USA 
Shoup,D.C., 2006, Cruising for parking, Transport Policy 13(6), 479-486 
Shoup,D., The High Cost of Minimum Parking Requirements. In. Ison,S. and 
Mulley,C., 2014, Parking: Issues and Policies, Transport and Sustainability, Emerald 
Group Publishing Ltd., Bingley, UK   
Simicevic,J., Milosavljević,N., Maletić,G. and Kaplanović,S., 2012, Defining parking 
price based on users' attitudes, Transport Policy 23, 70-78 
Simicevic,J., Vukanovic,S. and Milosavljević,N., 2013, The effect of parking charges 
and time limit to car usage and parking behaviour, Transport Policy 30, 125-131  
Steele,F., 2008, Multiple Regression Concepts, Module 3, Centre for Multilevel 
Modelling, University of Bristol, Bristol, UK   
Teknomo,K. and Hokao,K., 1997, Parking Behavior in Central Business District - A 
Study Case of Surabaya (Indonesia), EASTS Journal 2(2), 551-570  
Thanos,S., Wardman,M. and Bristow,A.L., 2011, Valuing Aircraft Noise: Stated 
Choice Experiments Reflecting Inter-Temporal Noise Changes From Airport 
Relocation, Environmental and Resource Economics 50(4), 559-583   
   
 
263 
 
Thompson,R.G., 1991, Developing a parking search model, Paper presented to the 
13th Conference of the Australian Institute of Transport Research (CAITR), 
University of Queensland, Australia 
Thompson,R.G. and Bonsall,P., 1997, Drivers’ response to parking guidance and 
information systems, Transport Reviews 17(2), 89-104   
Thompson,R.G. and Richardson,A.J., 1998, A parking search model, Transportation 
Research Part A: Policy and Practice 32(3), 159-170     
Thompson,R.G., Takada,K. and Kobayakawa,S., 1998, Understanding the demand 
for access information, Transportation Research Part C: Emerging Technologies  
6(4), 231-245     
Thompson,R.G., Takada,K. and Kobayakawa,S., 2001, Optimisation of parking 
guidance and information systems display configurations, Transportation Research 
Part C: Emerging Technologies  9(1), 69-85 
Train,K., 2009, Discrete Choice Methods with Simulation, 2nd Ed., Cambridge 
University Press, Cambridge, UK 
Tsamboulas,D.A., 2001, Parking fare thresholds: a policy tool, Transport Policy  
8(2), 115-124         
Twisk,J.W.R., 2006, Applied multilevel analysis: a practical guide, Cambridge 
University Press, Cambridge, UK 
Van der Goot,D., 1982, A model to describe the choice of parking places, 
Transportation Research Part A: Policy and Practice 16(2), 109-115 
Van der Waerden,P.J.H.J., 2010, Parking Information in Car Navigation Systems: A 
Stated-Choice Analysis of Car Drivers’ Preferences, Transportation Research Board 
89th Annual Meeting, Washington, D.C., USA   
Van der Waerden,P.J.H.J., Borgers,A. and Timmermans,H.J.P., 1998, The impact of 
the parking situation in shopping centres on store choice behaviour, GeoJournal  
45(4), 309-315  
Van der Waerden,P.J.H.J., Borgers,A. and Timmermans,H.J.P., 2006, Attitudes and 
behavioral responses to parking measures, European Journal of Transport and 
Infrastructure Research 6(4), 301-312 
   
 
264 
 
Van der Waerden,P.J.H.J., Borgers,A. and Timmermans,H.J.P., 2008, Modeling 
parking choice behavior in business areas, Transportation Research Board 87th 
Annual Meeting, Washington, D.C., USA  
Van der Waerden,P.J.H.J., Oppewal,H. and Timmermans,H.J.P., 1993, Adaptive 
choice behaviour of motorists in congested shopping centre parking lots, 
Transportation 20(4), 395-408 
Van der Waerden,P. and Timmermans,H., 2014, Car drivers’ familiarity with the 
parking situation around regional shopping centres, Procedia - Social and 
Behavioural Sciences 111, 292-300 
Van der Waerden,P., Timmermans,H. and da Silva,A.N.R., 2014,  The influence of 
personal and trip characteristics on habitual parking behaviour, Case Studies on 
Transport Policy, doi: http://dx.doi.org/10.1016/j.cstp.2014.04.001     
Van Ommeren,J.N., Wentink,D. and Dekkers,J., 2011, The real price of parking 
policy, Journal of Urban Economics  70(1), 25-31 
Van Ommeren,J.N., Wentink,D. and Rietveld,P., 2012, Empirical evidence on 
cruising for parking, Transportation Research Part A: Policy and Practice 46(1), 123-
130               
Verplanken,B., Aarts,H., van Knippenberg,A. and Moonen,A., 1998, Habit versus 
planned behaviour: A field study, British Journal of Social Psychology  37(1), 111-
128  
Vianna,M.M.B., da Silva Portugal,L. and Balassiano,R., 2004, Intelligent 
transportation systems and parking management: implementation potential in a 
Brazilian city, Cities 21(2), 137-148  
Vickrey,W., 1954, The economizing of curb parking space, Traffic Engineering  
29(1), 62-67                 
Wang,J.J. and Liu,Q., 2014, Understanding the parking supply mechanism in China: 
a case study of Shenzhen, Journal of Transport Geography 40, 77-88      
Waterson,B.J., Hounsell,N.B. and Chatterjee,K., 2001, Quantifying the potential 
savings in travel time resulting from parking guidance systems-a simulation case 
study, Journal of the Operational Research Society 52, 1067-1077                    Watters,P., O’Mahony,M. and Caulfield,B., 2006, Response to cash outs for work place parking and work place parking charges, Transport Policy 13(6), 503-510 
   
 
265 
 
Weant.R.A. and Levinson,H.S., 1990, Parking, Eno Foundation for Transportation, 
Westport, CT, USA. 
Weinberger,R., Seaman,M. and Johnson,C., 2009, Residential off-street parking 
impacts on car ownership, vehicle miles travelled, and related carbon emissions, 
Transportation Research Record, Journal of the Transportation Research Board, 
Washington, D.C., USA 
Weinberger,R.R., 2014, Three faces of parking: Emerging trends in the US.  In. 
Ison,S. and Mulley,C., 2014, Parking: Issues and Policies, Transport and 
Sustainability, Emerald Group Publishing Ltd., Bingley, UK 
Westin,R.B. and Gillen,D.W., 1978, Parking location and transit demand: A case 
study of endogenous attributes in disaggregate mode choice models, Journal of 
Econometrics 8, 75-101 
Willson,R.W., 1992, Estimating the travel and parking demand effects of employer-
paid parking, Regional Science and Urban Economics 22(1), 133-145   
Yin,R.K., 2014, Case Study Research: Design and Methods, 5th Ed., Sage 
Publications, Inc., California, USA 
Young,W., 1988, A review of parking lot design models, Transport Reviews 8(2), 
161-181   
Young,W. and Miles,C.F., 2014, A spatial study of parking policy and usage in 
Melbourne, Australia, Case Studies on Transport Policy, doi: http://dx.doi.org 
/10.1016/j.cstp.2014.07.003   
Young,W. and Taylor,M., 1991, A parking model hierarchy, Transportation  18(1), 
37-58      
Young,W., Thompson,R.G. and Taylor,M.A.P., 1991, A review of urban car parking 
models, Transport Reviews 11(1), 63-84 
Yun,M., Lao,Y., Ma,Y. and Yang,X., 2008, Optimization Model on Scale of Public 
Parking Lot Considering Parking Behavior, 8th International Conference of Chinese 
Logistics and Transportation Professionals (2008), ASCE   
  
   
 
266 
 
a) Pilot on-street parking survey 
b) On-street parking survey 
   
 
267 
 
Pilot On-Street Parking Survey 
 
Your participation in this survey will help in my PhD research at Loughborough University.  
Participants will not be identifiable from their responses.  
The survey should take less than 5 minutes to complete. 
 
************************************************************ 
Section A: questions on aspects of parking 
 
1) Where did you travel from?                                                                                                                                                                                               
 
 
 
2) What type of parking place have you chosen to park in for this particular trip? 
 
3) For this particular destination, how many other parking places did you visit before deciding to 
park in your chosen parking place? 
 
4) What is the purpose of parking at the particular destination where you have parked? 
 
5) How familiar are you with the local area? 
 
 
 
 
(full postcode) 
On-street 
(free) 
On-street 
(metred) 
On-street 
(permit) 
Off-street 
(free) 
Off-street 
(payment 
required) 
Off-street 
(permit) 
Multi-storey Underground 
0 1 2 3 4 More than 4 
Commuting Business Education Shopping 
Personal Business Social or Entertainment Holidays or Day Trips Multiple Purpose 
Very Unfamiliar Fairly Unfamiliar 
Neither Unfamiliar 
Nor Familiar 
Fairly Familiar Very Familiar 
Respondent ID: 
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6) Do you usually park in your chosen parking place when you visit this city? 
 
7) How many people travelled in your vehicle for this particular journey? 
 
8) How important is vehicle security in your choice of parking place? 
 
9) What time did you park at your parking place? 
 
10) How long did you spend searching for your parking space? 
 
11) How long did you wait for a parking space to become available?  
 
12) How long do you intend to park in your chosen parking place? 
 
Always Frequently Sometimes Rarely Never This is my first visit 
1 (Driver Only) 2 3 4 More than 4 
Very Unimportant Fairly Unimportant 
Neither Unimportant 
Nor Important 
Fairly Important Very Important 
7 - 7.59 am 8 - 8.59 am 9 - 9.59 am 10 - 10.59 am 11 - 11.59 am 
12 – 12.59 pm 1 – 1.59 pm 2 – 2.59 pm 3 – 3.59 pm 4 – 4.59 pm 
5 – 5.59 pm 6 – 6.59 pm 7 – 7.59 pm 8 – 8.59 pm 9 – 9.59 pm 
0 min 
Less than   
5 min 
5-10 min 11-15 min 16-20 min 21-25 min 
More than    
25 min 
0 min 
Less than    
1 min 
1-5 min 6-9 min 10-13 min 14-17 min 
More than  
17 min 
Less than     
15 min 
15 - 30 min 31 - 59 min 1 - 1.59 hours 2 - 2.59 hours 3 - 3.59 hours 
4 - 4.59 hours 5 - 5.59 hours 6 - 6.59 hours 7 - 7.59 hours 8 - 8.59 hours 9 hours or more  
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13) How long did it take you to walk to your destination?       
 
14) Is a parking charge applicable for your chosen parking place? 
  
 
15) Did you consider parking illegally?  
 
 
16a) Is a Parking Guidance Information (PGI) system present? 
…… If NO, go to Question 17a) 
16b) If YES, is the respondent aware of the PGI system?  
16c) If YES, did the respondent use the PGI system?  
 
17a) Did you research potential parking places before arriving in this city (such as on the Internet)? 
 
 
17b) Did you have any assistance in finding a parking place (such as by using a satellite navigation 
system)? 
 
 
17c) Did you reserve a parking space in advance of arriving at your parking place? 
 
 
 
************************************************************ 
 
Less than    
1 min 
1-5 min 6-10 min 11-15 min 16-20 min 21-25 min 
More than    
25 min 
Yes No (free parking) 
Yes No 
Yes No 
  
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
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Section B: socio-economic questions 
18) Sex of Respondent 
 
 
19) To which Age group do you belong? 
 
20) How many years have you held a driving licence? 
 
21) What is your approximate Annual Income? 
 
22) What is your Ethnic Group? 
Male Female 
Less than 26 years 26 – 35 years 36 – 45 years 46 – 55 years 
56 – 65 years 66 – 75 years Over 75 years 
Less than 
5 years 
5 - 10 years 11 - 15 years 16 – 20 years 21 – 25 years 26 – 30 years 
Over         
30 years 
Less than £10,000 £10,000 – £15,000 £16,000 – £20,000 £21,000 – £30,000 
£31,000 – £40,000 £41,000 – £50,000 £51,000 – £60,000 Over £60,000 
White 
1. English / Welsh / Scottish / Northern Irish / British 
2. Irish 
3. Gypsy or Irish Traveller 
4. Any other White background (please describe) 
Mixed / Multiple Ethnic Groups 
5. White and Black Caribbean 
6. White and Black African 
7. White and Asian 
8. Any other Mixed / Multiple ethnic background (please describe) 
Asian / Asian British 
9. Indian 
10. Pakistani 
11. Bangladeshi 
12. Chinese 
13. Any other Asian background (please describe) 
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Thank you for your participation 
 
Section C: questions to be completed by Interviewer 
23) City in which survey is being conducted 
 
24) Name of street or area in which survey is being conducted (e.g. market square) 
    
25) Day of survey 
 
26) Month of survey 
 
27) Weather Conditions on day of survey (tick as many as applicable) 
 
Black / African / Caribbean / Black British 
14. African 
15. Caribbean 
16. Any other Black / African / Caribbean background (please describe) 
Other Ethnic Group 
17. Arab 
18. Any other ethnic group (please describe) 
Lincoln Nottingham Leicester Derby 
 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
January February March April May June 
July August September October November December 
Cold Cool Warm Hot Windy 
Light 
Rain 
Heavy 
Rain 
Sunny Overcast Frost/Fog Snow/Ice 
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On-Street Parking Survey 
 
Your participation in this survey will help in my PhD research at Loughborough University. Participants will 
not be identifiable from their responses. The survey should take less than 5 minutes to complete. 
 
Section A: Parking Factors 
 
1) What is your main reason for parking here? 
 
2) How familiar are you with the local area? 
 
3) Do you usually park in this location? 
 
4) How many people travelled in your vehicle for this particular journey? 
 
5) How many individuals in your vehicle are aged: 
6) Are you carrying (or planning on carrying) heavy equipment or shopping on this trip? 
 
 
7) How long do you expect to park here for? 
 
8) How long did the journey take from your origin to arriving here? 
 
9) How long did you spend searching for a parking space today? 
Work School Run Education Shopping 
Personal Business Social or Entertainment Holiday or Day Trip Religious Meeting 
Business (Trade)  
(e.g. plumber/electrician) 
Business (Delivery/Courier) Resident (live here) Other ………………… 
Very Unfamiliar Fairly Unfamiliar 
Neither Unfamiliar 
Nor Familiar 
Fairly Familiar Very Familiar 
Always Frequently Sometimes Rarely Never This is my first visit 
1 (Driver Only) 2 3 4 More than 4 
5 years or under? 
………….. 
6 – 12 years? 
………….. 
13 – 17 years? 
………….. 
18 – 64 years? 
………….. 
65 years or older 
………….. 
Yes No 
Less than 15 min 15 - 30 min 31 - 59 min 1 – 1:59 hours 2 – 2:59 hours 3 – 3:59 hours 
4 – 4:59 hours 5 – 5:59 hours 6 – 6:59 hours 7 – 7:59 hours 8 – 8:59 hours 9 hours or more  
Don’t know  
Less than 10 min 11 - 20 min 21 - 30 min 31 - 40 min 41 - 50 min 51 – 60 min 
61 – 90 min  
 (1 - 1 ½ hr) 
91 – 120 min 
(1 ½ - 2hr) 
121 – 150 min 
(2 - 2 ½ hr) 
 151 – 180 min 
(2 ½ - 3hr) 
181 – 210 min  
(3 - 3 ½ hr) 
 211 – 240 min 
(3½ - 4hr) 
More than 240 min (> 4 hr)  
Respondent ID: 
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(Only if unable to provide number of minutes will the categories below be used) 
 
10) How long will it take you to walk to your destination?       
 
(Only if unable to provide number of minutes will the categories below be used) 
 
11) How many locations did you consider parking in before parking here? 
 
12) Did you use any of the following to help you locate a parking space? 
 
13) If ‘Yes’, how helpful was this source of information in locating a parking space? 
 
14) Please indicate the level of stress you felt when searching for a parking space 
15) To what extent is the security of your vehicle a factor in selecting a parking location? 
 
16) To what extent is your personal safety a factor in selecting a parking location? 
 
 
Section B: Socio-Economic Factors 
 
17) What is your home postcode?                                                                                                                                                                                               
 
18) Sex of Respondent 
 
 
Min 
0 min 5 min or less 6-10 min 11-15 min 16-20 min 21-25 min 
More than    
25 min 
Min 
Less than    
1 min 
1-5 min 6-10 min 11-15 min 16-20 min 21-25 min 
More than    
25 min 
0 1 2 3 4 More than 4 
Smartphone 
Application 
Real-Time Parking 
Guidance Information  
Internet Parking 
Websites 
Road Map  
Personal 
Recommendation 
Other……
……………. 
Very Unhelpful Fairly Unhelpful 
Neither Unhelpful 
Nor Helpful 
Fairly Helpful Very Helpful 
Not At All Stressed Very Little Stress 
Neither Unstressed 
Nor Stressed 
Fairly Stressed Very Stressed 
Very Unimportant Fairly Unimportant 
Neither Unimportant 
Nor Important 
Fairly Important Very Important 
Very Unimportant Fairly Unimportant 
Neither Unimportant 
Nor Important 
Fairly Important Very Important 
 
(full postcode or street name of home address) 
Male Female 
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19) To which age group do you belong? 
 
20) What is your ethnic group? 
 
21) Are you registered as disabled? 
 
 
22) Do you have a blue badge? 
 
 
 
23) What is your approximate annual income (before tax)? 
 
24) Do you have any other comments about your parking experience on this particular journey? 
 
Thank you for your participation 
 
Less than 26 years 26 – 35 years 36 – 45 years 46 – 55 years 
56 – 65 years 66 – 75 years Over 75 years 
White Asian / Asian British Black / African / Caribbean / Black British Mixed / Multiple  
Other 
……… 
Yes No 
Yes No 
Less than £10,000 £10,000 – £15,000 £16,000 – £20,000 £21,000 – £30,000 
£31,000 – £40,000 £41,000 – £50,000 £51,000 – £60,000 Over £60,000 
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Section C: To be completed by Interviewer 
 
25) City in which survey is being conducted 
 
26) Name of street or area in which survey is being conducted (e.g. market square) 
    
27) Amount of parking charge (per hour) 
 
28) Speed limit in street in which survey is being conducted 
 
 
 
29) Date of survey 
 
 
 
30) Time of survey 
 
31) Weather Conditions on day of survey  
      
32) Type of vehicle 
 
33) Vehicle details 
  
  
Lincoln Nottingham Leicester Derby 
 
No 
fee 
Less 
than 
£1.00 
£1.00 
- 
£1.99 
£2.00 
- 
£2.99 
£3.00 
- 
£3.99 
£4.00 
- 
£4.99 
£5.00 
- 
£5.99 
£6.00 
- 
£6.99 
£7.00 
- 
£7.99 
£8.00 
- 
£8.99 
£9.00 
- 
£9.99 
£10.00 
or More 
Mph 
            /              /        
7 - 7.59 am 8 - 8.59 am 9 - 9.59 am 10 - 10.59 am 11 - 11.59 am 
12 – 12.59 pm 1 – 1.59 pm 2 – 2.59 pm 3 – 3.59 pm 4 – 4.59 pm 
5 – 5.59 pm 6 – 6.59 pm 7 – 7.59 pm 8 – 8.59 pm 9 – 9.59 pm 
Warm / Sunny / Hot Light Rain / Cool Heavy Rain / Windy Cold / Frost / Fog / Snow / Ice 
Small 
Hatchback 
Medium Hatchback 
/ Saloon 
Executive 
Saloon 
4 x 4 / SUV 
Light Goods 
Vehicle 
Sports Car Classic Car 
Make: Model: 
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a) Notes for Enumerators 
b) Schedule (week 1) for data collection by Enumerators in Nottingham 
c) Schedule (week 2) for data collection by Enumerators in Nottingham 
d) List of parking meters in Nottingham to assist with data collection 
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Notes for Enumerators  
If drivers do not wish to answer one or more of the questions please leave blank and 
move on to the next question. 
The stated times provide an approximate guide. 
Please use your judgement to move between streets if there are very few people to 
ask to complete the survey, or if vehicle turnover is very slow. This will help 
maximise responses for the time allocated. It is more important to gather a large 
number of respondents than to stick rigidly to the streets I have indicated; even to 
target drivers on streets that are not included in the schedule. 
Please take breaks as and when needed. To avoid working excessive hours, please 
split between Enumerators as appropriate. 
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Schedule for Enumerators for Nottingham on-street parking surveys - Week 1 
N.B. Please move between streets that are in close proximity in order to maximise driver survey numbers, rather than waiting on one street which may be 
experiencing reduced turnover at the times you are there 
     
Monday 2nd June Tuesday 3rd June Wednesday 4th June Thursday 5th June Friday 6th June 
7.00am - 8.30am 7.00am - 8.30am 7.00am - 8.30am 7.00am - 8.30am 7.00am - 8.30am 
Hampden Street                 
Dryden Street                     
Gill Street                            
Peel Street 
Hampden Street                 
Dryden Street                     
Gill Street                            
Peel Street 
Hampden Street                 
Dryden Street                              
Gill Street                                      
Peel Street 
Hampden Street                 
Dryden Street                        
Gill Street                               
Peel Street 
Hampden Street                 
Dryden Street                         
Gill Street                               
Peel Street 
9.00am - 4.30pm 9.00am - 4.30pm 9.00am - 4.30pm 9.00am - 4.30pm 9.00am - 4.30pm 
Broad Street              
Barker Gate             
Plumptre Street                     
Woolpack Lane            
Heathcoat Street             
King Edward Street             
Kent Street               
Hollowstone             
Gedling Street 
Friar Lane                              
Castle Road                
Spaniel Row                    
Peveril Drive                             
Mount Street                      
Park Row 
The Ropewalk                   
College Street                       
Upper College Street                   
Regent Street                        
Derby Road                        
Wellington Circus                           
North Circus Street                       
East Circus Street      
Collin Street                  
Trent Street                
Station Street 
Shakespeare Street            
Clarendon Street                 
North Sherwood Street            
Wollaton Street                
Mansfield Road East 
5.00pm - 7.00pm 5.00pm - 7.00pm 5.00pm - 7.00pm 5.00pm - 7.00pm 5.00pm - 7.00pm 
Barker Gate             
Plumptre Street                     
Woolpack Lane            
Heathcoat Street                
Hollowstone                
Gedling Street 
Friar Lane                              
Castle Road                
Spaniel Row                    
Peveril Drive                             
Mount Street                      
Park Row 
College Street                       
Upper College Street                    
Regent Street                     
Wellington Circus                 
North Circus Street                  
East Circus Street      
Station Street                  
Poplar Street              
Plough Lane 
Shakespeare Street                
North Sherwood Street                     
Wollaton Street               
Mansfield Road East 
    7.00pm - 8.00pm     
    The Ropewalk     
   
 
279 
 
Schedule for Enumerators for Nottingham on-street parking surveys - 
Week 2 
N.B. Please move between streets that are in close proximity in order to maximise driver 
survey numbers, rather than waiting on one street which may be experiencing reduced 
turnover at the times you are there 
 
Wednesday 11th June Thursday 12th June 
7.00am - 8.30am 7.00am - 8.30am 
Hampden Street                            
Dryden Street                                     
Gill Street                                       
Peel Street 
Hampden Street                            
Dryden Street                                     
Gill Street                                        
Peel Street 
9.00am - 4.30pm 9.00am - 4.30pm 
Friar Lane                                   
Castle Road                              
Spaniel Row                              
Peveril Drive                                  
Mount Street                                 
Park Row 
Broad Street                                     
Barker Gate                             
Plumptre Street                           
Woolpack Lane                     
Heathcoat Street                            
King Edward Street                         
Kent Street                            
Hollowstone                              
Gedling Street 
5.00pm - 7.00pm 5.00pm - 7.00pm 
Friar Lane                                        
Castle Road                              
Spaniel Row                              
Peveril Drive                                  
Mount Street                                 
Park Row 
Barker Gate                                       
Plumptre Street                         
Woolpack Lane                        
Heathcoat Street                          
Hollowstone                                     
Gedling Street 
  7.00pm - 8.00pm 
  The Ropewalk 
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Parking meters on each street (Nottingham) 
 
Street Name Parking Meter Number(s) 
Barker Gate ZN1002 
Broad Street ZN1004, ZN1005 
Castle Road ZN1024, ZN1025 
Clarendon Street ZN1031 
College Street ZN2106 
Collin Street ZN1006 
Derby Road ZN2033 
Dryden Street ZN3173, ZN3174 
East Circus Street ZN1036, ZN1038, ZN1039 
Friar Lane ZN1040, ZN1041 
Gedling Street ZN2129 
Gill Street ZN3175 
Hampden Street ZN3179 
Heathcoat Street ZN1008, ZN1009, ZN1010 
Hollowstone ZN1012 
Kent Street ZN1046, ZN1047 
King Edward Street ZN1048 
Mansfield Road East ZN2117 
Mount Street ZN1054 
North Circus Street ZN1056 
North Sherwood Street ZN1057 
Park Row ZN1062, ZN1064 
Peel Street ZN3181 
Peveril Drive ZN1068 
Plough Lane ZN2166 
Plumptre Street ZN1016 
Poplar Street ZN2145 
Regent Street ZN2147 
Shakespeare Street ZN1072, ZN1073 
Spaniel Row ZN1017 
Station Street ZN1080, ZN1081 
The Ropewalk ZN2161 
Trent Street ZN1083 
Upper College Street ZN2162 
Wellington Circus ZN1084, ZN1085, ZN1086 
Wollaton Street ZN1091 
Woolpack Lane ZN1020 
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Template for recording of on-street parking supply characteristics
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On-street parking characteristics  
Name of city: ………………………………………………………… 
Street name 
Characteristic 
Traffic Flow 
 
One-way 
Two-way 
Carriageway 
 
Single 
Dual 
Multiple 
Speed 
Limit 
 
20 mph 
30 mph 
40 mph 
50 mph 
60 mph 
Road Width 
 
Narrow 
Medium 
Wide 
Bay Type 
 
One long parallel bay 
Individual parallel spaces 
Individual perpendicular spaces 
Individual chevron spaces 
Designated 
disabled 
spaces 
 
Yes 
No 
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a) Streets in which on-street parking surveys were conducted 
b) Categorisation of streets (in which on-street parking survey was conducted) 
into  Area Type   
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Streets in which surveys have been undertaken 
Blue indicates streets with on-street parking supply  
but where no drivers parked at times when this research was being conducted 
Lincoln Leicester 
Bailgate Victoria Park Road 
Nettleham Road St Mary’s Road 
Mainwaring Road Knighton Park Road 
Wragby Road The Avenue 
Massey Road Central Avenue 
Chapel Lane Granby Street 
Burton Road Rutland Street 
Lee Road Clarence Street 
Walnut Place Wigston Street 
Kesteven Street Church Gate 
Newark Road Charles Street 
Chelmsford Street De Montfort Street 
Trollope Street Eastern Boulevard 
St Swithin’s Square The Newarke 
Thorngate Welford Road 
Free School Lane Friar Lane 
 East Bond Street 
Yeoman Street 
Humberstone Road 
Belgrave Gate 
Princess Road East 
University Road 
Salisbury Road 
De Montfort Square 
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Nottingham 
Friar Lane Collin Street 
East Circus Street Cliff Road 
Wellington Circus Kent Street 
College Street Mansfield Road 
Upper College Street Long Row  
The Ropewalk Mount Street 
North Circus Street Oxford Street 
Wollaton Street Castle Road  
Ilkeston Road Gedling Street 
Clarendon Street Hollowstone  
Chaucer Street Park Row  
Hampden Street Peveril Drive 
Dryden Street Regent Street  
Gill Street Talbot Street  
Peel Street Station Street 
North Sherwood Street Plumptre Street 
Shakespeare Street Barker Gate 
Convent Street Woolpack Lane 
Melville Street Heathcoat Street 
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Derby 
Derwent Street 
 
The Avenue 
Stuart Street Leopold Street 
St Mary’s Gate Sacheverel Street 
Queen Street Osmaston Road 
The Strand Park Street 
Friar Gate Gerard Street North  
Bridge Street Full Street  
Brook Street Wellington Street 
Babington Lane Carrington Street 
Newland Street Wilmot Street 
St Peter’s Church Yard Midland Road 
Green Lane Canal Street 
Crompton Street Liversage Road 
Gower Street Charnwood Street 
Becket Street Lodge Lane 
Bramble Street  
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Categorisation of street names by Area Type 
Street name Area type 
Babington Lane Core, shopping 1 
Bailgate Tourist 2 
Barker Gate Events 3 
Becket Street Core, shopping 1 
Belgrave Gate Shopping (not core) 4 
Bramble Street Core, shopping 1 
Bridge Street Outer, industrial (commuters) 5 
Brook Street Outer, industrial (commuters) 5 
Burton Road Shopping (not core) 4 
Canal Street Outer, hospital, train station 6 
Carrington Street Outer, hospital, train station 6 
Castle Road Tourist 2 
Central Avenue Residential (commuters)  7 
Chapel Lane Tourist 2 
Charles Street Core, shopping 1 
Charnwood Street Residential 7 
Chelmsford Street Residential (commuters)  7 
Church Gate Shopping (not core) 4 
Clarence Street Events 3 
Cliff Road Outer, train station 6 
College Street Events 3 
Collin Street Shopping (not core) 4 
Convent Street Shopping (not core) 4 
Crompton Street Residential 7 
De Montfort Street Outer, University 6 
Derwent Street Outer - industrial/business  5 
Dryden Street Outer, University 6 
East Bond Street  Core, shopping 1 
East Circus Street Events 3 
Eastern Boulevard Outer, University 6 
Free School Lane Core, shopping 1 
Friar Gate Tourist 2 
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Friar Lane Tourist 2 
Full Street Tourist 2 
Gedling Street Events 3 
Gerard Street North Residential 7 
Gill Street Outer, University 6 
Gower Street Core, shopping 1 
Granby Street Core, shopping 1 
Green Lane Core, shopping 1 
Hampden Street Outer, University  6 
Heathcoat Street Events 3 
Hollowstone Events 3 
Humberstone Road Outer - industrial/business 5 
Kent Street Shopping (not core) 4 
Kesteven Street Residential, industrial/business 
(commuters)  
7 
Knighton Park Road Residential (commuters)  7 
Lee Road Residential (commuters, shoppers)  7 
Leopold Street Residential 7 
Liversage Road Outer, hospital 6 
Lodge Lane Residential (commuters)  7 
Long Row Core, Events 3 
Mainwaring Road Residential (commuters)  7 
Mansfield Road Periphery 5 
Massey Road Residential (commuters)  7 
Melville Street Shopping (not core) 4 
Midland Road Outer, train station, hospital  6 
Mount Street Tourist 2 
Nettleham Road Residential (commuters)  7 
Newark Road Shopping (not core) 4 
Newland Street Core, shopping 1 
North Circus Street Core, shopping 1 
Osmaston Road Outer, hospital 6 
Oxford Street Events 3 
Park Row Tourist 2 
Peel Street Outer, University 6 
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Peveril Drive Tourist 2 
Plumptre Street Events 3 
Queen Street Tourist 2 
Regent Street Tourist 2 
Rutland Street Events 3 
Sacheverel Street Core, shopping 1 
Salisbury Road University (not core) 6 
Shakespeare Street Outer, University 6 
St Marys Road Residential (commuters)  7 
St Marys Gate Tourist 2 
St Swithin’s Square Core, shopping 1 
Station Street Outer, train station 6 
Stuart Street Outer, industrial/business 5 
Talbot Street Outer, University  6 
The Avenue Residential (commuters)  7 
The Newarke University (not core) 6 
The Ropewalk Tourist 2 
The Strand Core, shopping 1 
Thorngate Core, shopping 1 
Trollope Street Residential (commuters)  7 
University Road University (not core) 6 
Victoria Park Road Residential (commuters)  7 
Walnut Place Residential (commuters)  7 
Welford Road Outer, hospital 6 
Wellington Circus Events 3 
Wigston Street Events 3 
Wilmot Street Core, shopping 1 
Wollaton Street Events 3 
Woolpack Lane Events 3 
Wragby Road Residential (commuters) 7 
Yeoman Street Events 3 
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Maps of four cities in which on-street parking survey was conducted, showing areas 
and streets 
 Derby 
 Leicester 
 Lincoln 
 Nottingham 
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Appendix VI contains the development and analysis of four single-level regression 
models for the cities of Lincoln, Nottingham, Leicester, and Derby that have been 
outlined in Tables 7.3 and 7.4 in the main body of the thesis.
a) Lincoln Model (Including the ‘Income’ Variable) 
The Lincoln model comprised 195 valid observations when the ‘Income’ variable 
was included. It is important to note that Lincoln was the only city in the study to 
have all on-street parking spaces free at the point of use for motorists hence, the 
variable ‘ParkCharge’ was not applicable in this city model. The variable which 
indicated the greatest significance in the city of Lincoln was ‘NumVisit’, with all 
categories showing positive and significant values compared to the reference case 
‘0 parking places visited’. The category ‘≥2 parking places visited’ indicated a 
coefficient value of +4.61 minutes, meaning that on average, 4.61 minutes were 
spent searching for parking for respondents in this category compared to drivers in 
the reference case (who had visited ‘0 parking places’). Another variable that 
indicated significance across all categories was ‘RespAge’, which showed significant 
and negative coefficient values of between -2.01 minutes and -3.42 minutes for all 
age groups, indicating that less search time occurred for all age groups compared to 
the reference case of <26 years. This finding could have been due to drivers in older 
categories having higher income levels and choosing to pay for parking rather than 
searching for a free on-street parking space. While most of the results in the Lincoln 
model indicated positive coefficient values, the variable ‘Weather’ also displayed 
negative results. Category four in the ‘Weather’ variable indicated less search for 
‘cool/sunny’ than for the reference case ‘warm/sunny’, which may have been a result 
of higher demand on warm and sunny days, with more individuals choosing to travel 
to a city for social/entertainment or shopping purposes, for example.  
The variable ‘ParkTime’ was found to be significant in a positive direction for five 
categories covering the time period 09:00 to 13.59, indicating more search occurred 
during these time periods. This would have been expected since higher demand for 
parking spaces would occur during these peak periods for many trip purposes (such 
as shopping and personal business) but with the exception of ‘work’ which typically 
has a peak time occurring earlier than 09:00. A variable which showed a positive 
and significant coefficient value was for ‘Duration’ at category five (≥6 hours). This 
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would have been expected since drivers parking for longer periods needed to find a 
space that permitted parking for a longer time than many of the parking that is 
provided in city core areas. Such spaces are often limited in number, hence more 
search may be required to locate a vacant space. Furthermore, drivers who are 
parking for a longer period will use proportionately less of their overall travel time in 
searching for a space than will drivers who are parking for a much shorter period 
and who, therefore, may be less inclined to spend many minutes searching for a 
parking space. ‘Habit’ was found to be significant in a positive direction for category 
five ‘never park here’ indicating that more search took place for drivers who never 
usually parked in a particular parking place. This would be expected since unfamiliar 
surroundings may necessitate a greater amount of time to locate a suitable parking 
place that fulfils the permitted duration and payment requirements of a driver. It is 
interesting to note, however, that the variable ‘Familiarity’ was not found to be 
significant in the Lincoln model. 
Two categories of ‘Income’ were found to be significant in the Lincoln model 
(‘£10,000 - £20,000’ and ‘£31,000 - £41,000’), which indicated more search 
occurring than for the reference case ‘<£10,000’. This finding is somewhat 
surprising, however, it could potentially be explained by other factors influencing the 
higher levels of search for example, those in the ‘£31,000 - £41,000’ salary band 
may have been searching for a space that was perceived to offer greater vehicle 
security and hence spent longer searching in order to find a more appropriate space 
according to particular specifications. Another explanation could have been that 
those in the ‘£10,000 - £20,000’ band may have been working full-time hours 
compared to those in the lowest salary band (‘<£10,000’) and hence may have 
arrived at parking places at peak parking times when demand was higher, compared 
to drivers in the ‘<£10,000’ reference case salary band which may have had part-
time hours and hence have arrived at off-peak times when parking spaces may have 
become vacant. The supply-side variable ‘NumSpaces’ indicated significance, in 
that the greater the number of parking spaces provided the higher levels of search 
occurred. This could be as a result of drivers searching for spaces in areas where 
they are aware the most on-street parking spaces are provided and, therefore, these 
spaces quickly become occupied. Streets where only a very small number of 
parking spaces are provided (≤5 spaces, for example) may have been less likely to 
have been approached by drivers who may have perceived these spaces to have 
been more likely to be occupied, given that there were only a small number 
available at any time. Variables not showing significance in the Lincoln model were: 
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‘Security’, ‘Familiarity’, ‘WalkTime’, ‘Purpose’, ‘VehOcc’, ‘TripTime’, ‘Ethnic’, 
‘ParkCharge’, ‘VehType’ and the interaction variable ‘FlowWidth’. These variables 
indicated significance in some of the other cities, as will be discussed individually in 
the following sections. 
b) Lincoln Model (Excluding the ‘Income’ Variable) 
When the variable ‘Income’ was excluded, there were 204 valid observations in the 
Lincoln model. There were some noticeable differences in the variables and 
categories within each variable that were recorded as significant in the two Lincoln 
models, when the ‘Income’ variable was included or excluded. Variables which were 
no longer significant were ‘Purpose’ and ‘Weather’. Compared to the model when 
‘Income’ was included, the variable ‘Security’ had now become significant across all 
categories when ‘Income’ was excluded, with more search occurring for drivers who 
considered vehicle security as being ‘Fairly important’ (+2.79 minutes) or ‘Very 
important’ (+2.62 minutes) compared to the reference case ‘Very or fairly 
unimportant’. More searching for parking also took place for drivers who expressed 
neutrality about vehicle security (‘Neither unimportant nor important’) compared to 
the reference case of ‘Security’ as being ‘very unimportant or fairly unimportant’. The 
finding of more search occurring when vehicle security is thought of as being 
important is sensible in that drivers who consider vehicle security as an important 
factor will search for a vacant space that they consider as more secure, rather than 
necessarily parking in the first available on-street space they encounter. The 
variable ‘NumVisit’ increased the level of significance for ‘≥2 parking places visited’ 
(+4.92 minutes spent searching for parking) compared to the model including 
‘Income’ (+4.61 minutes); although category two, ‘1 parking place visited’, was no 
longer significant. This finding could be understood, however, by observing that in 
the model including ‘Income’, ‘NumVisit’ category two was significant only at the 
90% level and therefore displayed less significance than did category four.  
c) Nottingham Model (Including the ‘Income’ Variable) 
The Nottingham model comprised 212 valid observations when the ‘Income’ variable 
was included. Similar to the Lincoln model, the variable which indicated the greatest 
level of significance in the Nottingham model was ‘NumVisit’, with category four ‘≥2 
parking places visited’ showing a positive and significant value of +3.55 minutes 
spent searching for parking compared to the reference case (‘0 parking places 
visited’). Three categories in the variable ‘RespAge’ showed significance. However, 
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unlike Lincoln in which ‘RespAge’ indicated negative values, the Nottingham model 
indicated positive values across three ‘RespAge’ categories, meaning that more 
search time occurred compared to the reference case ‘<26 years’. This may have 
been as a result of younger drivers being satisfied with parking in the first available 
on-street space encountered, whereas older drivers may have searched for a 
particular space that fulfilled more specific requirements. ‘TripTime’ was significant 
for categories six and seven (‘51-60 minutes’ and ‘>60 minutes’ respectively). 
Although, interestingly, category six displayed a negative coefficient value while 
category seven indicated positive significance. This could have been due to different 
trip purposes, for example travelling ‘51-60 minutes’ may have been a commuting 
journey whereby drivers are time-constrained through needing to arrive at a place of 
work on time, hence do not have time to spend long in searching for a parking place. 
Whereas, a longer trip time of >60 minutes may have been undertaken for a 
different trip purpose, such as a shopping trip to a retail centre, or for social reasons, 
when time constraints may have been less pressing and drivers were more willing to 
undertake parking search.  
Although the variable ‘ParkTime’ indicated significance across several categories, 
one category was different to the significant categories in the Lincoln model; 
category 10 (‘16:00-16:59’) in addition to categories five, six and seven, which were 
also significant in the Lincoln model, was significant in a positive direction, thereby 
indicating that more search took place at these times compared to the reference 
case ‘07:00-07:59’. Increased search time during late afternoon might initially 
appear surprising, however this may be connected to times that drivers are leaving 
educational establishments or are arriving on residential streets after having been 
out for the day and are attempting to park in areas which may still be occupied by 
full-time workers who have parked for the day and have not yet returned to their cars 
and removed them. Thus, this time could be considered as a cross-over period 
between various trip purposes and, hence, higher demand is created. The variable 
‘Habit’ was found to be significant in a positive direction for ‘rarely park here’ and 
‘this is my first visit here’, indicating that more search occurred compared to the 
reference case ‘I always park here’. These findings could be explained by drivers 
who rarely park in a particular locality or for whom this was their first visit being 
unsure of the location of on-street parking spaces and, therefore, having to 
undertake a longer search in order to find a space that fulfilled their needs in terms 
of permitted parking duration and tariff.  Similar to the Lincoln model, however, 
‘Familiarity’ with an area was not found to be significant in the Nottingham model. 
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The variable ‘VehOcc’ was found to be negative and significant for ‘2 occupants: 
driver + 1 passenger’, indicating that less search took place than when only the 
driver was in a vehicle. This would have been expected since a driver would 
typically have undertaken more search if only their own feelings and needs were 
being considered; having a passenger as an additional individual in the vehicle may 
have led to different considerations and hence a long parking search time may not 
have been appropriate. ‘VehType’ category six ‘sports car’ indicated negative 
significance of value -2.45 minutes, meaning 2.45 minutes less search time 
occurred than for the reference case ‘small hatchback’. This finding could have been 
expected since it may have been that drivers of sports cars would have been 
content to pay higher parking charges and may not have felt the need to drive 
around looking for a free or low-tariff parking space which may have had higher 
demand and hence occupied more search time. ‘Ethnic’ for category two 
‘Asian/Asian British’ was found to be significant in a negative direction, indicating 
less search took place compared to the reference case ‘White’. This could have 
been due to other factors such as income level, willingness to pay parking charges, 
or having different trip purposes. The interaction variable of direction of traffic flow 
and road width (‘FlowWidth’) was found to be significant in this model in a negative 
direction for the category ‘two-way and narrow’ indicating less search took place 
than for the category ‘one-way and narrow’. This may have arisen due to the 
perception of drivers that fewer on-street parking spaces would have been located in 
a two-way and narrow street than in a one-way street, where higher levels of search 
occurred. Variables not displaying significance in the Nottingham model were: ‘Walk 
Time’, ‘Familiarity’, ‘Duration’, ‘Security’, ‘Weather’, ‘ParkCharge’, ‘Income’, and the 
supply variable ‘NumSpaces’. These variables indicated significance in some of the 
other cities, as was discussed previously for the Lincoln model and will be further 
discussed for the two other cities in the following sections. 
d) Nottingham Model (Excluding the ‘Income’ Variable) 
When the variable ‘Income’ was excluded, there were 332 valid observations in the 
Nottingham model. As with the Lincoln model, there are some observable 
differences between variables that indicated significance and also in the level of 
significance between the models that included or excluded ‘Income’. While 
‘NumVisit’ remained significant in a positive direction, the level of significance across 
both categories increased. A large increase was noted for ‘≥2 parking places 
visited’, where +6.77 minutes was shown, thereby indicating 6.77 minutes of parking 
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search time occurred for drivers in this category compared to drivers in the 
reference case category of ‘0 parking places visited’. A considerable change was 
found for the variable ‘ParkTime’ where no categories now showed significance 
compared to the Nottingham model when ‘Income’ was included. The variable 
‘Weather’ now became significant in the category ‘cool/light rain’, indicating that less 
search time was undertaken compared to the reference case ‘warm/sunny’. This 
finding could have been expected as it may have been that drivers were more willing 
to pay to park if the weather was rainy in order that they could park closer to a 
destination, compared to if it was sunny and warm when walking slightly further may 
have not have been considered as an undesirable option. The variable ‘WalkTime’ 
was found to be significant and indicated that for every 1 unit increase in walking 
time this resulted in +3.99 minutes’ increase in search time for a parking space. 
Elasticity is a measure of how one variable responds to a change in another variable 
and can be used to predict the effect of how changing one variable may affect 
another. The elasticity of search time with respect to walk time for Nottingham can 
be expressed as follows: 
𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 (𝜂𝑦) = ?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 ∗
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑙𝑘 𝑡𝑖𝑚𝑒
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑎𝑟𝑐ℎ 𝑡𝑖𝑚𝑒
= 3.99 ∗
3.4
1.2
= 11.3 
 
Therefore, if walking time is increased by 1%, ‘SearchTime’ would increase by 
11.3%. 
e) Leicester Model (Including the ‘Income’ Variable) 
The Leicester model comprised 229 valid observations when the variable ‘Income’ 
was included. The Leicester model showed highest significance coefficient values 
for ‘ParkTime’, with seven categories indicating positive and significant values; the 
highest of which was +7.03 for ‘12:00-12:59’. ‘NumVisit’ was also significant in a 
positive direction, but only for category four (‘≥2 parking places visited’). Four 
categories of ‘TripTime’ were found to be positive and significant indicating that 
more search time occurred for ‘21-30 minutes’, ‘31-40 minutes’, ‘41-50 minutes’ and 
‘51-60 minutes’ than for the reference case ‘≤10 minutes’. This may have been due 
to a driver’s perception that a longer parking search time would have contributed a 
smaller percentage to the overall trip time than would have occurred in a situation in 
which a driver had travelled for a much shorter time. In this instance a long search 
time would have contributed a larger length of time to the overall minutes travelled 
on a particular trip.  
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‘Ethnic’ displayed a significant value in a positive direction for ‘other’ compared to 
‘White’ but was not significant for ‘Asian/Asian British’ in the Leicester model. 
‘ParkCharge’ indicated significance for categories four and five (‘£2.00-£2.99’ and 
‘≥£3.00’) indicating positive significance and hence more search time compared to 
the reference case ‘no fee’. This may seem contradictory, as it might be expected 
that drivers would search more for parking spaces without a parking charge, 
however, it could be that most of the spaces that charge ‘no fee’ are situated in the 
peripheral areas of cities and are therefore perceived by drivers as being less 
desirable due to the longer walk time that would be created. In contrast, spaces that 
were closer to a city core and other key destinations were in higher demand, even 
though the parking tariffs were higher in these locations. The variable ‘Income’ was 
not identified as being significant in the Leicester model. Neither were the variables: 
‘Familiarity’, ‘Purpose’, ‘VehOcc’, ‘Security’, ‘RespAge’, ‘Weather’, ‘VehType’, nor 
the supply variables ‘NumSpaces’, and ‘FlowWidth’ identified as being significant in 
this model. ‘Habit’ was identified as being significant in categories four and six, with 
positive coefficients; thereby indicating more search time being undertaken 
compared to ‘I always park here’. ‘Duration’ was identified as being significant in a 
negative direction for categories three and four (‘1 hour-1.59 minutes’ and ‘2 hours-
5.59 minutes’). The variable ‘WalkTime’ was found to be significant and indicated 
that for every 1 unit increase in walking time this resulted in +4.16 minutes’ increase 
in search time for a parking space. The elasticity of search time with respect to walk 
time for Leicester (in the model including the ‘Income’ variable) can be expressed as 
follows: 
𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 (𝜂𝑦) = ?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 ∗
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑙𝑘 𝑡𝑖𝑚𝑒
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑎𝑟𝑐ℎ 𝑡𝑖𝑚𝑒
= 4.16 ∗
5.3
3.1
= 7.1 
 
Therefore, if walking time is increased by 1%, ‘SearchTime’ would increase by 7.1%. 
f) Leicester Model (Excluding the ‘Income’ Variable) 
When the ‘Income’ variable was excluded, there were 249 valid observations in the 
Leicester model. Most of the variables that indicated a significant coefficient 
displayed consistent values with those significant variables in the previous model 
including ‘Income’. However, one variable that became significant in a negative 
direction in this model was ‘Weather’, which had not been significant in the model 
when ‘Income’ was included. Category four in the ‘Weather’ variable indicated less 
search for ‘cool/sunny’ than for the reference case ‘warm/sunny’, which may have 
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been a result of higher demand on ‘warm/sunny’ days, with more individuals 
travelling to a city for shopping or social/entertainment purposes. The variable 
‘WalkTime’ was found to be significant and indicated that for every 1 unit increase in 
walking time this resulted in +4.79 minutes’ increase in search time for a parking 
space. The elasticity of search time with respect to walk time for Leicester (in the 
model excluding ‘Income’) can be expressed as follows: 
𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 (𝜂𝑦) = ?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 ∗
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑙𝑘 𝑡𝑖𝑚𝑒
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑎𝑟𝑐ℎ 𝑡𝑖𝑚𝑒
= 4.79 ∗
5.3
3.1
= 8.2 
 
Therefore, if walking time is increased by 1%, ‘SearchTime’ would increase by 8.2%. 
g) Derby Model (Including the ‘Income’ Variable) 
The Derby model comprised 209 valid observations when the variable ‘Income’ was 
included. Derby was the only city in the model including ‘Income’ that displayed 
significant values for more than one category of the variable ‘Purpose’, with almost 
all categories showing negative significance compared to the reference case ‘work’, 
thereby indicating that less search took place for other trip purposes. This might 
have resulted from high demand and/or limited supply of on-street parking places 
that could have accommodated the duration requirements of drivers with a trip 
purpose of ‘work’, in contrast to greater parking provision around key destinations 
and core areas which fulfilled demand for trip purposes such as ‘shopping’, 
‘social/entertainment’, ‘personal business’, ‘business (trade)’ and ‘other’. The 
category ‘education’ was not significant. Four categories of ‘Duration’ were 
significant, with three indicating a positive direction compared to the reference case 
‘≤30 minutes’, although the category ‘≥6 hours’ was significant in a negative 
direction, indicating that less search took place for drivers spending the longest 
duration at a parking place. This may have arisen from the longest duration parkers 
typically being those who travelled for work and who parked for a full day in areas on 
the periphery of the city where plentiful parking places were available, thus reducing 
the need to spend a long time searching.  
The variable ‘WalkTime’ was found to be significant and indicated that for every 1 
unit increase in walking time this resulted in +3.05 minutes’ increase in search time 
for a parking space. This may have resulted from a high demand for spaces that had 
a shorter walk time, with typically those spaces that are located close to key 
destinations or in city centre core areas being occupied more quickly and hence 
necessitating a longer search time to find an unoccupied space which may be 
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situated further out towards the peripheral areas of the city – hence creating longer 
walk time. The elasticity of search time with respect to walk time for Derby (in the 
model including the ‘Income’ variable) can be expressed as follows: 
𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 (𝜂𝑦) = ?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 ∗
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑙𝑘 𝑡𝑖𝑚𝑒
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑎𝑟𝑐ℎ 𝑡𝑖𝑚𝑒
= 3.05 ∗
3.8
1.4
= 8.3 
 
Therefore, if walking time is increased by 1%, ‘SearchTime’ would increase by 8.3%. 
‘Familiarity’ indicated a significant coefficient value in a negative direction, with less 
search taking place for those drivers who were unfamiliar with the city. This could be 
explained by drivers who were unfamiliar with an area being less willing to drive 
around streets in an attempt to locate an on-street parking space. Instead, they may 
have parked at the first space they encountered, thereby having a shorter search 
time than those drivers who may have been more familiar with the area and been 
more willing to drive around looking for a perceived ‘better’ parking space that more 
closely matched their requirements. ‘Habit’ was significant in a negative direction for 
the category ‘this is my first visit here’ thereby indicating less search time, in contrast 
to the Leicester model which indicated a positive direction and more search time 
compared to ‘I always park here’. The variable ‘TripTime’ showed a positive and 
significant coefficient value for ‘41-50 minutes’ compared to the reference case ‘≤10 
minutes’ indicating greater search times for a longer trip length. This could be 
explained by drivers who had a longer trip time being more willing to search a few 
minutes longer for a parking space than those drivers who were parking for a shorter 
time period. ‘NumVisit’ was significant for both categories (‘1 parking place visited’ 
and ‘≥2 parking places visited’) with more search time occurring compared to ‘0 
parking places visited’ which would also have been anticipated as being likely to 
have occurred.  
Compared to Nottingham and Leicester models, in which the variable ‘Weather’ was 
not significant, ‘Weather’ displayed significance in the Derby model in two categories 
(two and five) in a positive direction, which indicated that more search took place 
when the weather was ‘cool/light rain’ or ‘warm/light rain’ suggesting that drivers in 
Derby were perhaps spending longer searching for spaces closer to a destination 
when it was raining, which would have been expected. The variable ‘ParkCharge’ 
was significant for the ‘<£1.00-£1.99’ tariff, indicating that more search occurred for 
this price band than for the ‘no fee’ reference case. This may have been due to the 
location of spaces that operated under this fee being the most sought after, 
   
 
300 
 
centrally-situated spaces, and thus creating a high demand and associated longer 
search time. The variable ‘RespAge’ was significant in a negative direction only for 
the category ’46-55 years’. A negative coefficient value was found for the ‘executive 
saloon’ category in ‘VehType’, indicating that less search took place for this vehicle 
type than for the ‘small hatchback’ reference case. This finding might have been 
expected in that executive saloon drivers may have been more willing to pay to park 
and thereby avoid lengthy parking searches. In contrast, the category ‘light goods 
vehicle’ showed a positive direction of significance, indicating more search took 
place compared to drivers of the ‘small hatchback’ category. This finding may have 
arisen due to light goods vehicles typically being used by tradespersons who may 
have needed to park close to a destination where they may have been undertaking 
work, such as plumbing or gardening, for instance. Hence parking further out to 
avoid a longer search time would not have been considered as a viable option. 
The interaction supply variable ‘FlowWidth’ indicated negative and significant 
coefficient values for categories two and four (‘two-way and narrow’ and ‘two-way 
and medium’ respectively). This perhaps indicated that drivers thought that streets 
which possessed these characteristics were less likely to have a large supply of on-
street parking spaces and hence they spent less time searching there. Alternatively, 
it could have been that streets forming this category offered a greater level of on-
street parking supply that was able to fulfil driver demand and hence removed the 
need for a long search time. The variables ‘Ethnic’, ‘VehOcc’ and ‘NumSpaces’ were 
not significant in the Derby model that included ‘Income’. Neither was the ‘ParkTime’ 
variable; which was an unusual finding given that ‘ParkTime’ identified as being 
significant in the three other city models across most of the variable categories. 
Additional findings of difference were that in contrast to the three other city models, 
the variables ‘Familiarity’ and ‘Security’ were significant in the Derby model, both in 
a negative direction.  
h) Derby Model (Excluding the ‘Income’ Variable) 
When the ‘Income’ variable was excluded, there were 217 valid observations in the 
Derby model. In contrast to the previous model including ‘Income’, the variable 
‘ParkTime’ showed significance in two of the categories in the model that excluded 
‘Income’. The significance was in a positive direction for categories six and eight 
(‘12:00-12:59’ and ‘14:00-14:59’) which was perhaps due to high demand for trip 
purposes such as ‘shopping’, ‘personal business’, and ‘social/entertainment’. 
‘RespAge’ was found to no longer be significant in this model when ‘Income’ was 
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excluded. ‘NumVisit’ became significant only in category two, for which the 
significance level increased from +3.45 minutes’ parking search time in the model 
that included ‘Income’ (compared to the reference case) to +4.28 minutes’ parking 
search time in the model which excluded ‘Income’. The variable ‘WalkTime’ was 
found to be significant and indicated that for every 1 unit increase in walking time 
this resulted in +2.33 minutes’ increase in search time for a parking space. The 
elasticity of search time with respect to walk time for Derby (in the model excluding 
‘Income’) can be expressed as follows: 
𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 (𝜂𝑦) = ?̅?𝑊𝑎𝑙𝑘𝑇𝑖𝑚𝑒 ∗
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑙𝑘 𝑡𝑖𝑚𝑒
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑎𝑟𝑐ℎ 𝑡𝑖𝑚𝑒
= 2.33 ∗
3.8
1.4
= 6.3 
 
Therefore, if walking time is increased by 1%, ‘SearchTime’ would increase by 6.3%. 
 
